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Chemical Compounds 

The present invention relates to nucleotide derivatives and their use in the treatment of 



cancer. 



5 



Nucleoside analogues such as fluorodeoxyuridine (1), cytarabine (2) and gemcitabine (3) 
are well established as anticancer agents. They function as inhibitors of DNA synthesis 
after activation to their 5'-phosphate form. 



10 




HO 




NH 2 



N 



ay 




The free bioactive phosphate forms do not in general represent useful drugs due to their 
poor membrane permeation. In an effort to circumvent this a number of phosphate pro- 
drug approaches have been reported [Rosowsky et al, J. Med. Chem., 1982 25 171-8- 

15 Hong et al, J. Med. Chem., 1985, 28, 171-8; Kodama et al, Jpn. J. Cancer Res., 1989 So' 
679-85; Hong et al, 1979, 22, 1428-32; Ji et al, J. Med. Chem., 1990, 33, 2264-70" Jones et 
al, Nucleic Acids Res., 1989, 17, 7195-7201; Hunston et al, J. Med. Chem, 1984,27 440- 
4; Lorey et al, Nucleosides Nucleotides, 1997, 16, 1307-10; Farquhar et al, J. Med. Chem., 
1983, 26, 1153-8; Shuto et al, Nucleosides Nucleotides, 1992, 11, 437-46; Le Bee et al' 

20 Tet. Letts., 1991, 32, 6553-6; Phelps et al, J. Med. Chem., 1980, 23, 1229-32]. 

In general the phosphate prodrugs have biological properties and therapeutic activities that 
are similar to, or somewhat lower than, the parent nucleoside analogue. 

25 We have carried out extensive work in this area from an antiviral perspective, largely on 
d,deoxy nucleosides, and have reported a phosphoramidate approach which has been 
w,dely adopted for the delivery of bio-active phosphates of antiviral nucleosides. 

An example is the phosphoramidate (4) derived from anti-HIV d4T (5). 
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We observed the effect of variations in the ester [McGuigan et al, AVCC, 1998 9 473 9] 
5 ammo acid [McGuigan et al, Antiviral Res., 1997, 35, 195-204; AVCC, 2000 11 111 6]' 
and aryl [Siddiqui et al, J. Med. Chem., 1999, 42, 393-9] regions of the phosphorate' 
as well as the effect of amino acid stereochemistry [McGuigan et al, AVCC 1996 7 18 4 ' 
8], phosphate stereochemistry [Allender et al, Analytica Chim. Acta, 2001, 435 'l07-13] 
and nucleoside [Balzarini et al, BBRC, 1996, 225, 363-9; McGuigan et al, BioOrg Med 
10 Chem. Lett., 1996, 6, 2369-62; McGuigan et al, Bioorg. Med. Chem. Lett., 2000, ,0, 645- 

This work has lead to the optimal description of phenyl methoxyalaninyl phosphoramidate 
as the prototype pro-moiety for the intraocular delivery of bioactive nucleotides 
15 [Balzarini et al, PNAS, 1996, 93, 7295-9; McGuigan et al, J. Med. Chem., ,996, 39, 1748- 
5 3 J • 

Lackey e, a. [Biochem Pharmacol., 2001, 6!, H9-89] have reported the application of cur 
Phosphoramidate pro-drug m e,hod for antiviral nuclides ,o me anti-herpetic agen. 
20 bmmovi„y.-2^eoxyundi„e (BVDU) (6). .„ particu.ar, they have found that ,he phenyl 
methoxyalaniuyl phosphoramida.e (7) has significant anti-cancer activity. TOs is in 
marked contrast to the parent (antiviral) nucleoside (6). 

J O^N 
/ O Me O / 

H °-Uoy MeO-C-CH-N-^-o-, / 
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Lmnted SAR has been presented by this group, although in their patent applications 
[WO0239952, EP1200455, CA2317505, US6339151, EP1 16797, AU2451601] they claim 
a senes of general variations in the base, and phosphate region, However, based on our 
pnor art, the phenyl methoxyalaniny, phosphoramidate (7) would be anticipated to be 
amongst the most optimal of structures. 

Stnprisingly, i, has now been fmmd ^ ^ rf ^ 

phosphoramidate nudeos.de analogues are significantly mo re potent in the treatment of 
1 0 eancer than the phenyl methoxyalaninyl phosphoramidate (7). 



Aceording to a first aspect of the present invention there 
formula I: 



is provided a compound of 



II K - 



O— C— — V-N-P- 
p./ I I 



I I 

H p 
Ar 




15 

wherein: 

R is selected from the group comprising alkyl, aryl and alkylaryl; 

R' and R" are, independently, selected from the group comprising H, alkyl and alkylaryl 
or R and R" together form an alkylene chain so as to provide, together with me C atom to 
20 winch they are attached, a cyclic system; 

Q is selected from the group comprising -O- and -CH : -; 

X and Y are independently selected from the group comprising H, F, CI, Br, I, OH and 
methyl (-CH 3 ); 

Ar is a monocyclic aromatic ring mo iety or a fused bicyclic aromatic ring moiety, either of 
25 winch ring moieties is carbocyclic or heterocyclic and is optionally substituted; 
Z ,s selected from the group comprising H, alkyl and halogen; and 
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nisOorl, 
wherein 

when n is 0, Z' is -NH 2 and a double bond exists between position 3 and position 4, 

and 

5 when n is 1,Z' is=0; 

or a pharmaceutical^ acceptable derivative or metabolite of a compound of formula I; 

with the proviso that when n is 1, X and Y are both H, R is methyl (-CH 3 ), one of R' and 
10 R" is H and one of R' and R" is methyl (-CH 3 ), then Ar is not phenyl (-C 6 H 5 ). 

By "a pharmaceutical^ acceptable derivative" is meant any pharmaceutical^ acceptable 
salt, ester or salt of such ester or any other compound which upon administration to a 
recipient is capable of providing (directly or indirectly) a compound of formula (I) 

15 

Suitably, except where R is 2-Bu (-CH 2 -CH(CH 3)2 ) and one of R' and R» is H and one of 
R' and R" is methyl (-CH 3 ), when n is 1 and X and Y are both H, then Ar is not 
unsubstituted phenyl (-C 6 H 5 ). 

20 By "pharmaceutical^ acceptable metabolite" is meant a metabolite or residue of a 



, n U R '\ ff 
O— C y> — N-p-O 

R" H OH 




compound of formula (I) which gives rise in use to a compound of formula (II): 

wherein n, Q, R, R>, R» X , Y, Z and Z' have the meanings described above and below for 
25 formula I, and additionally R can be H, with the proviso that when n is 1 , X and Y are both 
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H, R is methyl (-CH 3 ), one of R' and R» is H and one of R' and R" is methyl (-CH 3 ), then 
Zisnot-CH=CHBr. 

Suitably, with respect to compounds of formula II, when n is 1 and Z either is or is not - 
5 CH=CHBr, the moiety ROCOCR'R»NH- corresponds neither to alanine (ie as above, R is 
not methyl (-CH 3 ), one of R' and R» is not H and one of R' and R» is not methyl (-CH 3 )) 
nor to tryptophan (ie a-amino-p-indolylpropionic acid). 

More suitably with respect to compounds of formula II, when n is 1 and Z either is or is not 
10 -CH=CHBr, the moiety ROCOR'R»NH is neither derived from nor corresponds to any 
naturally ocurring amino acid. 

Even more suitably, with respect to compounds of formula II, when n is 1 or 0, the moiety 
ROCOCR'R-NH- does not correspond to alanine (ie R is not methyl (-CH 3 ), one of R' and 
15 R" is is not H and one of R' and R" is not methyl (-CH 3 )), does not preferably correspond 
to tryptophan, and even more preferably the said moiety does not correspond to any 
naturally ocurring amino acid. 

Most preferably the moiety ROCOCR'R"NH- in compounds of formula II corresponds to a 
20 non-naturally occurring amino acid. 

Reference in the present specification to an alkyl group means a branched or unbranched, 
cyclic or acyclic, saturated or unsaturated (e.g. alkenyl or alkynyl) hydrocarbyl radical' 
Where cyclic, the alkylene group is preferably C 3 to C I2 , more preferably C 5 to C 10 , more 
25 preferably C 5 to C 7 . Where acyclic, the alkyl group is preferably C, to C, 6 , more 
preferably C| to C 6 . 



Reference in the present specification to an aryl group means an aromatic group containing 
5 to 14 ring atoms, for example phenyl or naphthyl. The aromatic group may be a 
30 heteroaromatic group containing one, two, three or four, preferably one, heteroatoms 
selected, independently, from the group consisting of O, N and S. Examples of such 
heteroaromatic groups include pyridyl, pyrrolyl, furanyl and thiophenyl. Preferably, the 
aryl group comprises phenyl or substituted phenyl. 
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The alky! and aryl groups may be substituted or unsubstituted. Where substituted there 
wtll generally be one to three substituenfs present, preferably one subsutuent. Substituents 
may melude halogen atoms, by which is mean, F, CI, Br and f atoms, and halomedry. 
5 groups such as CF, aM CC1,; oxygen containing groups sueh as oxo, hydroxy, earboxy 
carboxyC, 16 alkyl, alkoxy, alkoyl, alkoyloxy, aryloxy, ary.oy. and ary,oy,oxy. nitrogen" 
containing groups sueh as amino, Calkylamino, diC,,alkylami„o, eyano, aride and nifro- 
sulphur containing group, such thio , C]<alkyIthjol md 

heterocyclic groups which may themselves be substituted; a.kyl groups as defined above' 
10 wh,ch may fhemselves be substiruted; and aryi groups as defined above, which maj 
themselves be substituted, such as phenyl and substituted phenyl. Substituents on said 
heterocyclic, alkyl and aryl groups are as defined immediately above. 

Reference in the present specification to alkoxy and aryloxy groups means, respectively 
15 alkyl-O- (for example where alkyl is C, to C, & preferably C, ,„ CO and ary.-0- (for 
example where ary! is a 5 to 14 membered aromatic mono- or bifused ring moiety 
optionally containing ,. 2, 3 or 4 heteroatoms selected, independently, from O, S and N 
preferably aryl is phenyl). 

20 Reference in the.presen. specification to alkoyl and aryloy, groups means, respectively 
alkyl-CO- (for example where alky, is C, to C, 6 , preferably C, ,„ C 6 ) and ary.-CO- (for 
example where ary. is a 5 to .4 membered aromatic mono or bifused ring moiety 
optionally containing ,, 2 , 3 or 4 heteroatoms se.ec.ed, independently, from O, S and N 
preferably aryl is phenyl). 

25 

Reference in the present specification to alk„y.oxy and aryloyloxy means, respectively 
alkyl-CO-O (for example where alkyl is C, to C, 6 , preferably C, to Ct) and aryl-CO-O (for 
example where aryl is a 5 to 14 membered mono- or bifused aromatic ring system 
optionally containing 1, 2, 3 or 4 heteroatoms selected, independently, from O, S and N 
30 preferably aryl is phenyl). 

Reference in the present specification to heterocycfic groups means groups containing one 
or more, pynolyl, imidazolyl, pyrazio,^, , hia2olyJi isothiazoly)i oxazoly , pym ,, jdinyl 
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pyrrolinyl, imidazolidinyl, imidazolinyl, pyrazolidinyl, tetrahydrofuranyl, pyranyl, 
pyronly, pyridyl, pyrazinyl, pyridazinyl, piperidyl, piperazinyl, moipholinyl, thionaphthyl' 
benzofuranyl, isobenzofiiryl, indolyl, oxyindolyl, isoindolyl, indazolyl, indolinyl, 7- 
azaindolyl, isoindazolyl, benzopyranyl, coumarinyl, isocoumarinyl, quinolyl, isoquinolyl, 
5 naphthridinyl, cinnolinyl, quinazolinyl, pyridopyridyl, benzoxazinyl, quinoxadinyl,' 
chromenyl, chromanyl, isochromanyl and carbolinyl. 



The group Ar comprises a substituted or unsubstituted aryl group, wherein the term "aryl 
group" and the possible substitution of said group is as defined herein. Preferably, Ar is a 
10 substituted or unsubstituted phenyl group. Particularly preferred substituents are electron 
withdrawing groups such as halogen (preferably chlorine or fluorine), trihalomethyl 
(preferably trifluoromethyl), cyano and nitro groups. For example, Ar can be phenyl, 3,5- 
dichloro-phenyl, E -trifluoromethyl-phenyl, p-cyano-phenyl, or p-nitro-phenyl. When Ar is 
a heteroaromatic group, preferably it is optionally substituted pyridyl. 

15 

Suitably, R is a C,. 16 primary or secondary alkyl group, a C 5 . 7 carbocyclic aryl group or a 
C^alkylC5-„aryl group. More suitably, R is a C,. 10 alkyl group, a phenyl group or C,. 3 
alkylCs.? aryl group. Preferably R is unsubstituted. 



20 Preferably, R is methyl (-CH 3 ), ethyl (-C 2 H 5 ), „- or f- propyl (-C 3 H 7 ), „- or /- butyl (-C 4 H 9 ) 
or benzyl (-C^CeHs). Most preferably, R is benzyl. Particularly, R is preferably benzyl 
when one of R' and R» is H and one of R' and R» is methyl (-CH 3 ), especially when Ar is 
unsubstituted phenyl, n is 0 and each of X and Y is F. 

25 Suitably, R' and R" are each independently selected from the group comprising H, C,. 6 
primary, secondary or tertiary alkyl, C,. 3 alkylC 5 .7aryl, or, when together they form an 
alkylene chain, they provide, together the C atom to which they are attached, a C 3 . 8 
carbocyclic aliphatic ring. 

30 Preferably, R' and R" are the same and are alkyl, more prefearbly they are both methyl, 
ethyl or n- or i- propyl. 
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Alternatively, preferably, R' and R» are, independently, H, methyl (-CH 3 ), secondary butyl 
(-CH 2 -CH-(CH 3 ) 2 ), benzyl (-CH 2C6 H S ), or, together with the C atom to which they are 
attached, provide a C 5 . 6 ring. 

5 Preferred compounds include those where R' and R" are both methyl, one of R' and R» is 
H and one of R' and R" is methyl, and R' and R» together with the C atom to which they 
are attached, provide a pentyl ring. 

When R' and R» are different, the C atom to which they are attached is chiral. The present 
10 compounds can be Lor Dor a mixture of stereoisomers. Preferably they are L. 

It will be appreciated that the moiety -0-C(0)-CR'R"-NH- corresponds to a carboxy- 
protected a-amino acid. R' and R" can thus correspond to the side chains of a naturally 
occurring amino acid. 

15 

For example, when one of R> and R» is H and one of R' and R" is Me or PhCH 2 , the 
moiety corresponds to alanine or phenylalanine, respectively. 

Preferably, the stereochemistry at the asymmetric centre -CR'R" corresponds to an L- 
20 amino acid. The stereochemistry at the asymmetric centre -CR'R" can, however 
correspond to a D-amino acid. Alternatively, mixtures of of compounds can be employed 
having asymmetric centres corresponding to L and D amino acids. 

In the present specification by "naturally occurring amino acid" we mean Alanine 
25 Arginine, Asparagine, Aspartic Acid, Cysteine, Cystine, Glycine, Glutamic Acid' 
Glutamine, Histidine, Hydroxyzine, Hydroxyzine, Isoleucine, Leucine, Lysine' 
Methionine, Phenylalanine, Proline, Serine, Threonine, Tryptophan, Tyrosine and Valine. ' 

The present invention is not, however, limited to compounds having a moiety 
30 corresponding to a naturally occurring amino acid. The present invention specifically 
.ncludes compounds having a moiety which corresponds to a non-naturally occurring 
amino acid, such as, for example, those where R'=R»=alkyl, or, where together with the C 
atom to which they are attached, R' and R" provide a cyclic moiety. Preferably with 
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respect to the compound of formula I, the moiety ROCOCR'R"NH- corresponds to or is 
derived from a non-naturally occurring amino acid. 

With respect to compounds of formula I when n is 1, the moiety ROCOCR'R»NH- 
5 preferably neither corresponds to nor is derived from alanine, more preferably neither 
corresponds to nor is derived from either of alanine or tryptophan, even more preferably 
neither corresponds to nor is derived from any naturally occurring amino acid. 

With respect to compounds of formula I when n is 0, the moiety ROCOCR'R"NH- 
10 preferably neither corresponds to nor is derived from alanine, more preferably neither 
corresponds to nor is derived from either of alanine or trytophan, even more preferably 
neither corresponds to nor is derived from any naturally occurring amino acid. 



15 



Preferably Q is O. 

Preferably, X and Y are, independently, selected from the group comprising F, H and OH. 
When n is 1, preferably each of X and Y is H. 

20 When n is 0, preferably each of X and Y is F, or X is OH and Y is H, or X is H and Y is 
OH. 



When Z is F, Q is O, n is 1 and X and Y are each H, the base moiety of the compound of 
formula I corresponds to that of fluorodeoxyuridine i.e. compound (1) above. 

25 

When Z is H, Q is O, n is 0 and X is OH and Y is H, the base moiety of the compound of 
formula I corresponds to that of cytarabine i.e. compound (2) above. 

When Z is H, Q is O, n is 0 and X and Y are each F, the base moiety of the compound of 
30 formula I corresponds to that of gemcitabine i.e. compound (3) above. 



When Z is H, Q is O, n is 0 and X is H and Y is OH, the base moiety of the compound of 
formula 1 corresponds to that of cytidine. 
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Compounds of formula I wherein n is 0 and X and Y are F are preferred. Particularly 
preferred are compounds of formula I wherein n is 0, X and Y are F, Q is O and Z is H, 
corresponding to phosphoramidated gemcitabine. 

5 

Also preferred are compounds of formula I wherein n is 0 and X is OH and Y is H 
Particularly preferred are compounds of formula I wherein n is 0, X is OH, Y is H, Q is O 
and Z is H, corresponding to phosphoramidated cytarabine. 

10 Also preferred are compounds of formula I wherein n is 0 and X is H and Y is OH 
Particularly preferred are compounds of formula I wherein n is 0, X is H, Y is OH, Q is O 
andZ is H, corresponding to phosphoramidated cytidine. 

Suitably, Ar is a 5 to 14 membered aromatic ring moiety. The one or two rings may 
15 mclude 1, 2, 3 or 4 heteroatoms, preferably 1, selected, independently, from O, S and N. 

Preferably, Ar is a carbomonocyclic aromatic ring moiety. More preferably, Ar is a Q 
monocyclic aromatic ring moiety, ie is optionally substituted phenyl. 

20 One, two, three or four substituents, which may be the same or different, may be present on 
Ar and are selected from the group comprising halogen, which may -F, -CI, -Br or -I- - 
N0 2 ; -NH 2 ; optionally substituted - Cl . 3 alkyl; optionally substituted -Caalkoxy, preferably 
methoxy (-OCH 3 ); optionally substituted -SC^alkyl; -CN; optionally substituted -COC, 
aalkyl; and optionally substituted -C0 2 C ,. 3 alkyl. The optional substitutents are one or 

25 more up to six, preferably three, members selected from the group comprising halogen 
wh,ch may be F, CI, Br and I and N0 2 . Preferred substituents on Ar include F CI CF, 
andN0 2 . ' ' 



The substituents may be at any position on the ring moiety. Where the ring moiety is C 6 
30 phenyl, a single substituent at the 2 (ortho) or 4 (para) position is preferred. Where Ar 
phenyl, a single substituent at the 4 position is more preferred. 



ie 
is 
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Preferably, Ar is an optionally substituted phenyl moiety. More preferably, Ar is selected 
form the group comprising: Ph-, />CF 3 C 6 H 4 -, P FC 6 H 4 -, pK0 2 C 6 H 4 -, pClQH*- and 
oC1C 6 H 4 -. 

5 Suitably, Z is selected from the group comprising H, C,. 6 alkyl, substituted C,. 6 alkyl, C,. 6 
alkenyl, substituted C,^ alkenyl, C,. 6 alkynyl, substituted Cm, alkynyl and halogen, where 
halogen is F, CI, Br or I. Substituents that may be present on the alkenyl or alkynyl moiety 
are selected from the group comprising F, CI, Br, I, and -CQjMe. One, two or three 
substituents may be present. The alkenyl and alkynyl groups may contain one or more sites 
1 0 of unsaturation. 

Where Z is substituted alkenyl or alkynyl, the substituent is preferably on the terminal C 
atom. 

15 Preferably Z is selected from the group comprising H, F, optionally substituted C^alkyl 
particularly Me (-CH 3 ), optionally substituted C^alkenyl and optionally substituted C,. 
ealkynyl, the optional substituents being as recited immediately above. 

When n is 1, Z' is O, Q is O and X and Y are each H, preferably Z is a substituted C 2 
20 alkenyl (i.e. ethenyl or vinyl) moiety (-CH=CH-); more preferably, Z is bromovinyl (- 
CH=CHBr) or methylpropenoate (-CH=CHC02Me); and most preferably, Z is - 
CH=CHBr. 



With respect to compounds of formula II, preferably when n is 1 and X and Y are both H, 
25 then Z is not F. 



With respect to compounds of formula II, when n is 0, preferably X is not H and Y is not 
OH, more preferably X is OH and Y is H or X and Y are both F. 

30 With respect to compounds of formula II, when n is 0, X is OH and Y is H, preferably 
neither R' nor R" is phenylmethyl (ie benzyl) or 3-methyIindolyl (ie 3-CH 2 indolyl). 
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Surprisingly, modifying the ester moiety in compound (7) has been found to show a 
marked increase in potency with respect to cancer cell lines. A preferred compound 
embodying the present invention is the benzyl ester (8). It has surprisingly been found that 
the benzyl ester (8) is very significantly more potent against several cancer cell lines than 
5 the methyl ester (7): 




Compound (8) inhibits the growth of colon cancer cell line HT115 by 50% at 1.4 uM, 
10 whilst (7) requires a concentration of 244 uM; (8) is thus 174 times more potent.' 
Compound (8) is also 8 times more potent than (7) versus prostate cancer cell line PC-3 
(19 uM vs. 155 uM). 

The degree of potency enhancement for (8) vs. (7) is surprising based on the prior art. 
15 Thus, comparing the equivalent phosphoramidates of d4T reveals a ca 4-fold potency boost 
of (10) over (9) [McGuigan et al, AVCC, 1998, 9, 473-9]. 



O 



O ye O 
Me— O -C-CHHM — P-O 






20 This would imply that the benzyl phosphoramidate motif in (1 0) is ca 4-fold more efficient 
at the intracellular delivery of the bio-active free phosphate forms of d4T than is the 
methyl ester (9). A person skilled in the art would anticipate a similar degree of 
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enhancement for the benzyl phosphoramidate of BVDU (8) over the methyl ester (7) whilst 
we observed an almost 200-fold enhancement for colon cancer as noted above. 

Surprising efficacy of modifications in the amino acid and aryl moieties of the BVDU 
5 phosporamidate has also been found in compounds embodying the present invention. 

Thus, compound (11) has simultaneous modification in these two regions, being the p- 
trifluoromethylphenyl benzyl [a,a-dimethylglycinyl ]phosphoramidate. 




OMe O 
O-C— A-N— o 
Me 7 A O 



10 





Compound 1 1 shows high potency against a range of cancer cell types and is significantly 
and surprisingly more potent than (7). Thus, for breast cancer (1 1) is 60-fold more active 
(1.3uM vs 79 uM), and for prostate cancer (1 1) is 254-fold more potent (0.61 uM vs. 155 
15 uM). Against colon cancer, (11) is 35-fold more potent (7 uM vs 244 uM). Again, the 
degree of enhancement of the analogue (1 1) vs. (7) is surprising based on prior art. Thus, 
comparing (12) [dimethyl glycine modification] and (13) [p-CF 3 phenyl modification] to 
(9) shows no significant difference in potency. 



20 



OMe O / OMe O 

Me-O-C— 4-n-p-o— . n / Me-O-C-C— N-P-o 

Me' d O < 12 > W •'■ * 





WO 2005/012327 PCT/GB2004/003148 

14 

Thus 50% effective doses vs HIV-1 for (9), (12) and (13) are: 0.075, 0.29, and 0.01 uM 
respectively; within experimental error, (12) and (13) are identical in potency to (9). Thus a 
person skilled in the art would have predicted that (11) would show little enhancement 
over (7) as opposed to the 35 to 254-fold enhancements noted above. 

5 

Thus, compounds embodying the present invention and having variations in one or more of 
the ester (R), amino acid (R\ R») and aryl (Ar) region of the phosphoramidate structure 
compared to phenyl methoxyalaninyl phosphoramidate can give surprising and substantial 
potency boosts of pro-tides derived from BVDU against a range of cancer cell types. 

According to a further aspect of the present invention there is provided a compound having 
formula I according to the present invention for use in a method of treatment, preferably in 
the prophylaxis or treatment of cancer. 

15 According to a further aspect of the present invention there is provided a method of 
phrophylaxis or treatment of cancer comprising administration to a patient in need of such 
treatment an effective dose of a compound having formula I according to the present 
invention. 
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According to a further aspect of the present invention there is provided use of a compound 
having formula I of the present invention in the manufacture of a medicament for use in the 
treatment or prophlylaxis of cancer. 

According to a further aspect of the present invention there is provided a pharmaceutical 
composition comprising a compound having formula I of the present invention in 
combination with a pharmaceutical^ acceptable excipient, carrier or diluent. 

According to a further aspect of the present invention there is provided a method of 
preparing a pharmaceutical composition comprising the step of combining a compound 
having formula I of the present invention with a pharmaceutical^ acceptable excipient, 
carrier or diluent. 
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The present invention is particularly applicable for the treatment of a patient having breast 
cancer, colon cancer or prostate cancer. Examples of such cancers include breast MDA 
MB231, colon HT1 15 and prostate PC-3. 

5 The compound having formula I or pharmaceutical composition according to the present 
invention can be administered to a patient, which may be human or animal, by any suitable 



means. 



The medicaments employed in the present invention can be administered by oral or 
10 parenteral routes, including intravenous, intramuscular, intraperitoneal, subcutaneous 
transdermal, airway (aerosol), rectal, vaginal and topical (including buccal and sublingual) 
administration. 

For oral administration, the compounds of the invention will generally be provided in the 
15 form of tablets or capsules, as a powder or granules, or as an aqueous solution or 
suspension. 

Tablets for oral use may include the active ingredient mixed with pharmaceutically 
acceptable excipients such as inert diluents, disintegrating agents, binding agents 

20 lubricating agents, sweetening agents, flavouring agents, colouring agents and 
preservatives. Suitable inert diluents include sodium and calcium carbonate, sodium and 
calcium phosphate, and lactose, while cornstarch and alginic acid are suitable 
disintegrating agents. Binding agents may include starch and gelatin, while the lubricating 
agent, if present, will generally be magnesium stearate, stearic acid or talc. If desired, the 

25 tablets may be coated with a material such as glyceryl monostearate or glyceryl distearate, 
to delay absorption in the gastrointestinal tract. 

Capsules for oral use include hard gelatin capsules in which the active ingredient is mixed 
with a solid diluent, and soft gelatin capsules wherein the active ingredient is mixed with 
30 water or an oil such as peanut oil, liquid paraffin or olive oil. 

Formulations for rectal administration may be presented as a suppository with a suitable 
base comprising for example cocoa butter or a salicylate. 
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Formulations suitable for vaginal administration may be presented as pessaries, tampons, 
creams, gels, pastes, foams or spray formulations containing in addition to the active 
ingredient such carriers as are known in the art to be appropriate. 

5 

For intramuscular, intraperitoneal, subcutaneous and intravenous use, the compounds of 
the invention will generally be provided in sterile aqueous solutions or suspensions, 
buffered to an appropriate pH and isotonicity. Suitable aqueous vehicles include Ringer's 
solution and isotonic sodium chloride. Aqueous suspensions according to the invention 
10 may include suspending agents such as cellulose derivatives, sodium alginate, polyvinyl- 
pyrrolidone and gum tragacanth, and a wetting agent such as lecithin. Suitable 
preservatives for aqueous suspensions include ethyl and n-propyl p-hydroxybenzoate. 



15 



The compounds of the invention may also be presented as liposome formulations. 



In general a suitable dose will be in the range of 0.1 to 300 mg per kilogram body weight 
of the recipient per day. A preferred lower dose is 0.5 mg per kilogrm body weight of 
recpient per day, a more preferred lower dose is 6 mg per kilogram body weight of 
recipient per day, an even more preferred lower dose is 10 mg per kilogram body weight 

20 per recipient per day. A suitable dose is preferably in the range of 6 to 150 mg per 
kilogram body weight per day, and most preferably in the range of 15 to 100 mg per 
kilogram body weight per day. The desired dose is preferably presented as two, three, 
four, five or six or more sub-doses administered at appropriate intervals throughout the 
day. These sub-doses may be administered in unit dosage forms, for example, containing 

25 10 to 1500 mg, preferably 20 to 1000 mg, and most preferably 50 to 700 mg of active 
ingredient per unit dosage form. 

According to a further aspect of the present invention there is provided a process for the 
preparation of a compound having formula 1 according to the present invention, the process 
30 comprising reacting of a compound of formula (III): 



\ 
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(in) 



OH 



with a compound of formula (IV): 



5— O— C 4 — N— P— CI 

R" h A 



I I 
H O 

I 

Ar 



(IV) 



wherein Ar,n Q, R, R\ R», X, Y, Z' and Z have the meanings described above with respect 
5 to formula (I). 

Embodiments of the present invention will now be described, by way of example only, 
with reference to the following examples, experimental procedures and experimental data. 

10 Data are presented for a range of structures against tumour cell types representing a range 
of common cancers in man with un-met clinical need: breast MDA MB231, colon HT1 15, 
prostate PC-3. Data from these assays are presented as Table I. 
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Experimental Procedure 



General methods 

The following anhydrous solvents and reagents were bought from Aldrich with sure 
stopper: dichloromethane (DCM), diethyl ether (Et 2 0), tetrahydrofuran THF), N- 
methylimidazole (NMI), methanol (MeOH), dimethylformamide (DMF), 1,4-dioxane. 
20 triethylamine was dried on molecular sieves of 4 Angstrom. 
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Thin Layer Chromatography 

Thin layer chromatography (TLC) was performed on commercially available 
Merck Kieselgel 60 F 254 plates and separated components were visualized using ultraviolet 
light (254 nm and 366 nm). 

Column Chromatography 

Columns were performed using (Kieselgel 60, 35-70um, Fluka) as the stationary 
phase. Samples were applied as a concentrated solution in the same eluent, or pre-adsorbed 
onto silica gel. 



10 



NMR Spectroscopy 

'H, ,3 C and 3, P-NMR were recorded on a Bruker Avance DPX300 spectrometer 
with operating frequencies of 300MHz, 75MHz and 121MHz respectively. 3, P-NMR 
spectra are reported in units of 8 relative to 85<>/o phosphoric acid as external standard 
15 positive shifts are downfield. The following abbreviations are used in the assignment of 
NMR signals: s (singlet), d (doublet), t (triplet), q (quartet), m (multiplet), bs (broad 
signal), dd (doublet of doublet), dt (doublet of triplet). Starred signal signal are splitted due 
to stereoisomeric mixtures. 

20 Standard procedures 

For practical purposes, standard procedures are given where applicable. 

Standard procedure 1: Synthesis of Amino ester hydrochloride salts. 
To a stirring solution of anhydrous alcohol ( 10 mol eq.) was added thionyl chloride (2 
25 mol eq.) at 0° C, and the resulting solution stirred for 1 hr. After warming to room 
temperature, the appropriate amino acid (1 mol eq) was added and the reaction heated at 
reflux for 6-16 hrs. Removal of solvent and recrystallisation from methanol/ether gave the 
amino ester hydrochloride salts. 

30 Standard procedure 2: Synthesis of Amino benzyl ester hydrochloride salts. 

The appropriate amino acid (1.0 mol eq.), ^-toluene sulfonic acid (1.0 mol eq.) and 
anhydrous benzyl alcohol (4.1 mol eq.) were heated at reflux in toluene (10 mol eq.) with 
Dean-Stark trap for 24 hrs. On cooling to room temperature, Et 2 Q was added and the 
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mixture was left in ice bath for Ihr then filtrated and washed with Et 2 0. The solid was 
d 1S solved in DCM and washed with 10% K 2 C0 3 and water. The organic layer was dried 
over MgS0 4 , filtered and the solvent removed under reduced pressure to give an oil This 
was solubilized in acetone and neutralized with 1 M HC1. Et 2 G was added and the solid 
5 was filtered and washed with Et 2 0 to give a white solid. 

Standard procedure 3: Synthesis of Phosphorodichloridate species. 
Phosphorus oxychloride (1.0 mol eq.) and the appropriate substituted phenol (1 0 mol) 
were stirred with anhydrous diethylether (31 mol eq.). To this was added anhydrous 
10 triethylamine (1.0 mol eq) at -80 °C and left to rise to room temperature over 16 hrs the 
tnethylamine hydrochloride salt was filtered off, and the filtrate reduced to dryness to give 
the crude product as a clear liquid. 

Standard procedure 4: Synthesis of Phosphochloridate species. 
15 Phosphodichloridate (1.0 mol eq.) and the appropriate amino ester hydrochloric salt (1 0 
mol eq.) were suspended in anhydrous DCM. Anhydrous triethylamine was added 
dropwise at -80 °C and after Ihr the reaction was left to rise to room temperature The 
format™ of phosphochloridate was monitored by 3I P-NMR. After 2-5 hrs the solvent was 
removed under reduced pressure and the so.id obtained washed with anhydrous ether (2x20 
20 ml), filtered, and the filtrate reduced to dryness to give the products as crude oil. These oils 
were usually used without further purification. 

Standard procedure 5: Synthesis of Phosphoroamidate derivatives. 
To a stirring solution of (E)-5-(2-bromoviny.)-2'-deoxyuridine (1.0 mol eq.) and the 
25 appropriate phosphochloridate (2.0- 3.0 mol eq) in anhydrous THF at -80°C was added 
dropwise over 1 min NMI (5.0 mol eq.). After 1 5 mins the reaction was left to rise to room 
temperature and stirred at room temperature for 2-19 hrs. The solvent was removed under 
reduced pressure and the yellow oil obtained was dissolved in DCM, washed with 0 5 M 
HC1, and water. The organic layer is dried over MgSQ 4 , filtered, reduced to dryness and 

30 punned by flash chromatography (ChlorofornVMethanol 97/3, Dichloromethane/Methanol 
97/3). 
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Synthesis of MethyM-amino-l-cyclopentanoate hydrochloride salt. 
C 6 H 14 C1N0 3 , MW=179.68. 



p^"N^C0 2 Me 

5 



15 



^^^NH 2 .HCI 



This was synthesised according to Standard Procedure 1, using 1-amino-l- 
cyclopentanecarboxylic acid (3.876 g, 30 mmol) with thionyl chloride (4.44 mL, 45 
mmol,) and anhydrous methanol (15.5 mL). The product was isolated as a white solid (4 81 
g, yield 89%). 

10 'H-NMR (CDC1 3 ; 300 MHz): 5 9.1 (3H, bs, N/^Cl), 3.85 (3H 5 s, OC^), 2.3-2.2 (4H, m 
4H cyclopentane), 2.15 (2H, 2H cyclopentane), 1.95 (2H, m, 2H cyclopentane). 
13 C-NMR (CDC1,; 75 MHz): 8 26.6 (2CH 2 cyclopent), 38.1 (2CH 2 cyclopent), 54.8 
(CH 3 0), 66.6 (Ca.cyclopentane), 174.1 (COOMe). 



Synthesis of Ethyl-l-amino-l-cyclopentanoate hydrochloride salt. 
C 8 H, 6 C1N0 2 , MW= 193.71. 



20 



25 



30 



r^\^co 2 Et 

NH 2 ,HCI 

This was synthesised according to Standard Procedure 1, using 1-amino-l- 
cyclopentanecarboxylic acid (5.0 g, 38.6 mmol) with thionyl chloride (5.72 mL, 58 mmol) 
and anhydrous ethanol (29 mL). The product was isolated as a white solid (6.98 g yield 
93%). 

'H-NMR (CDCI3; 300 MHz): 8 9.0 (3H, bs, N///C1), 4.3 (2H, q, V=8, OC^CH 3 ), 2.3- 
2.2 (4H, m, 4H cyclopentane), 2.15 (2H, 2H cyclopentane), 1.95 (2H, m, 2H 
cyclopentane), 1.4 (3H, t, 3 J=S, OCH 2 C^). 

,3 C-NMR (CDCb; 75 MHz): 8 14.5 (CH 3 CH 2 ), 25.8 (2CH 2 cyclopent), 37.4 (2CH 2 
cyclopent), 63.0 (CH 3 CH 2 ), 66.2 (Ca_cyclopentane), 172.1 (COOEt). 
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Synthesis of Benzyl-l-amino-l-cyclopentanoate hydrochloride salt 
C, 4 H 18 C1N0 2 , MW=255.78. 



5 



Cx. 



CO z Bn 
NH 2 ,HCI 



This was synthesised according to Standard Procedure 2, using 1-amino-l- 
cyclopentanecarboxylic acid (3.682 g, 28.5 mmol) with p-toluene sulfonic acid 
monohydrate (5.625 g, 29.55 mmol) and anhydrous benzylic alcohol (12 mL, 116 mmol), 
in Toluene (20 mL). The product was isolated as a white solid (6.441 g, yield 88.5%) 
10 Hydrochloride salt. 'H-NMR (CDC1 3 ; 300 MHz): 8 9.05 (3H, bs, NH/cn, 7.4-7.25 (5H, 
m, Ph), 5.15 (2H, s, CH^), 2.3 (4H, m, 4H cyclopentane), 2.15 (2H, 2H 'cyclopentane),' 
1 .95 (2H, m, 2H cyclopentane). 

,3 C-NMR (CDC1 3 ; 75 MHz): 8 25.9 (2CH 2 cyclopent), 37.3 (2CH 2 cyclopent), 66.3 (G* 
cyclopentane), 68.3 (CH 2 Ph), 129.2, 129.0, 128.8 (V, CH 2 £A), 135.5 (>' CH^PA) 
15 172.1 (COOBn). 



Synthesis of methyl-2-amino-2-methylpropanoate hydrochloride salt 
CsH 12 ClN0 3 , MW 153.61. 

20 

HCIH 2 N^ < ^' 0 \ 

This was synthesised according to Standard Procedure J, using 2-amino-isobutyric acid 
(5.102 g, 48.49 mmol) with thionyl chloride (11.538 g, 96.98 mmol, 7.04 mL) and 
anhydrous methanol (19.6 mL). The product was isolated as a white solid (6 636 g yield 
89.2%). 

25 1 H-NMR (CDC1 3 ; 300 MHz): 8 8.81 (3H, bs, N^Cl), 3.83 (3H, s, OC/£), 1 74 (6H s 
ICHshC). 

,3 C-NMR (CDC1 3 ; 75 MHz): 8 24.1, 24.3 ( [CH 3J2 C), 57.9 (C[CH 3 ] 2 ), 172.4 (COOCH3). 
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Synthesis of ethyl-2-amino-2-methyIpropanoate hydrochloride salt. 
CsHmCINOz, MW 167.63. 



HCIH 2 N 




5 This was synthesised according to Standard Procedure 1, using 2-amino-isobutyric acid 
(5.102 g, 48.49 mmol) with thionyl chloride (11.772 g, 98.95 mmol, 7.2 raL) and 
anhydrous ethanol (29 mL). The product was isolated as a white solid (7.159 g, yield 
86.3%). 

'H-NMR (CDC1 3 ; 300 MHz): 8 8.93 (3H, bs, N/fcCl), 4.3 (2H, q, V=7.1 Hz, OC^CH 3 ), 
10 175(6H,s,[C^] 2 C),1.33(3H J t,V=7.1Hz,OCH 2 C^). 

,3 C-NMR (CDCb; 75 MHz): 8 14.4 (CH 3 CH 2 0), 24.3 ([CH 3 ] 2 Q, 5 7.9 (C[CH 3 ] 2 ), 63.1 
(OCH 2 CH 3 ), 171.6 (COOCH 2 CH 3 ). 



Synthesis of benzyl-2-amino-2-methylpropanoate hydrochloride salt. 
C„H 16 CIN0 2 , MW 229.70. 



This was synthesised according to Standard Procedure 2, using 2-amino-isobutyric acid 
(1.960 g, 19.00 mmol) with p-toluene sulfonic acid monohydrate (3.750g, 19.7 mmol) and 
benzylic alcohol (8.360 g, 77.30 mmol, 8 mL), in toluene (20 mL). The product was 
isolated as a white solid (2.556 g, yield 87.4%) 

p-toluenesulfonate salt: 'H-NMR (CDC1 3 , 300 MHz): 6 8.40 (3H, bs, N/^Cl), 
7.79 (2H, d, V=8.0 Hz, 'm >-TSA), 7.34 (5H, m, CH^), 7.14 (2H, d, V=8.0 Hz, 'o ' p- 
TSA), 5.16 (2H, s, C^Ph), 2.38 (3H, s, C^p-TSA), 1.57 (6H, s, [C^] 2 C) 
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13 C-NMR (CDC1 3 ; 75 MHz): 8 21.8 (CH 3 , p-TSA), 23.9 ([CH 3 ] 2 Q, 57.8 (C[CH 3 ] 2 ), 68.3 
(CH 2 Ph), 126.55, 128.5, 128.8, 129.0, 129.3 (CH^+p-TSA), 135.4 ('ipso', CH^), 
140.8 (/>' )jP -TSA), 141.9 ('/>*> ' )jP -TSA), 171.9 (COOCH 2 Ph). 

Hydrochloride salt: 'H-NMR (CDC1 3 ; 300 MHz): 5 9.10 (3H, bs, NtfjCl), 7.41-7.31 (5H, 
5 m, CHzPh), 5.27 (2H, s, CH 2 £&), 1.77 ([C/£] 2 C). 

,3 C-NMR (CDC1 3 ; 75 MHz): 8 24.2 ( [CH 3 ) 2 C), 58.0 (C[CH 3 ] 2 ), 68.5 (CH 2 Ph), 128.62, 
129.0, 129.1 ('o', <m\ 'p>, CH 2 P/i), 135.2 {'ipso', CH 2 P&), 171.8 (COOCH 2 Ph). 



10 Synthesis of (E)-5-(2-bromovinyl)-2'-deoxy uridine 
(E)-5-(2-Carbomethox3r V inyl)-2 , -deoxyuridine 

? ^coocm 




OH 



15 A mixture of Pd(OA c)2 (0.316 g, 1.41 mmol), PPh 3 (0.741 g, 2.82 mmol), and 
triethylamine (4.9 mL) in 1,4-dioxane (50 mL) was stirred at 70°C until an intense red 
colour had developed. To this 5-iodo-2'-deoxyuridine (10 g, 28.24 mmol) and 
methylacrilate (4.862 g, 56.48 mmol, 5.1 mL) in 1,4-dioxane (20 mL) were added and the 
mixture stirred at refluxed for 30 mins. The reaction was filtered while still hot and the 

20 filtrate cooled over night at 4°C. The resulting pale yellow precipitate was filtered, washed 
with DCM and dried in vacuo to give the product as white solid (6.2 g, yield 70.7%). 
^H-NMR (DMSCW 6 ; 300 MHz) 8 11.64 (1H, bs, N//-3), 8.42 (1H, s, H-6), 7.37 (1H, d, 
V=15.8 Hz, H vinylic), 6.86 (1H, d, V=15.8 Hz, H vinylic), 6.13 (1H, t, V=6.5 Hz, H-l') 
5.27-5.20 (2H, 2bs, OH-3', OH-5'), 4.27 (1H, m, H-3'), 3.81 (1H, m, H-4'), 3.68 (3H, s,' 

25 CH£), 3.60 (2H, m, H-5'), 2.1 8 (2H, m, H-2'). 

,3 C-NMR (DMSO-</ 6 ; 75 MHz): 8 40.4 (C-2'), 51.6 (CH 3 ), 66.7 (C-5'), 70.0 (C-3'), 85.2 
(C-4'), 88.0 (C-1'), 108.5 (C-5), 116.5 (C-5b), 138.5 (C-5a), 144.4 (C-6), 149.6, 162.1 (C- 
2, C-4), 167.6 (COO). 
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(E)-5-(2-Carboxyvfayl)-2'-deoxyuridine 




COOH 



OH 



(E)-5-(2-carbomethoxyvinyl)-2'-deoxyuridine (6.0 g, 19.33 mmol) was dissolved in 300 
mL of 1 M NaOH and the mixture stirred at room temperature for 3 hrs, filtered and the 
filtrate adjusted to pH 2 with 1M HC1. On cooling at 4°C a white precipitate formed. This 
was filtered off and washed with cold water (2x 20 ml) and acetone (2x20 mL) and dred to 

10 give a white solid (4.441 g, yield 77.1%). 

"H-NMR (DMSO-J 6 ; 300 MHz): 8 12.18 (1H, bs, C0 2 £), 11.64 (1H, s, N//-3), 8.40 (1H, 
s, H-6), 7.30 (1H, d, V=15.6 Hz, H vinylic), 6.78 (1H, d, V=15.8 Hz, H vinylic), 6.14 (1H,' 
t, V=6.4 Hz, H-l'), 5.38 -5.08 (2H, bs, OH-3\ OH-5'), 4.26 (1H, m, H-3'), 3.80 (1H, m,' 
H-4'), 3.64 (2H, m, H-5'), 2.18 (2H, m, H-2'). 

15 l3 C-NMR (DMSO-^; 75 MHz): 8 40.1 (C-2'), 61.2 (C-5'), 70.1 (C-3') s 85.1 (C-4'), 88.0 
(CI'), 108.7 (C-5), 118.0 (C-5b), 137.9 (C-5a), 143.9 (C-6), 149.6, 162.1 (C-2, C-4) 
168.4 (COOH). 



(E)-5-(2-bromovinyl)-2 , -deoxyuridine 



20 




To a solution of (E)-5-(2-carboxyvinyl)-2'-deoxyuridine (5.777 g, 19.37 mmol) in 
dimethylforamide (29 mL) was added K 2 C0 3 (5.890 g, 42.61 mmol) and the suspension 
stirred at room temperature for 15 mins. A solution of N-bromosuccinimide (3.655 g, 
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20.53 mmol) was added dmpwise over 30 mins a, 20»C. He resulting suspension was 
filtered and the solid washed with DMF. The combined filtrate and washings were 
evaporated to dryness in vacuo and the residue dissolved in MeOH. To Ms silica gel was 
added and the suspension evaporated to dryness and the solid applied to the top of 
5 chromatographic column. The co.„m„ was eluted with chlorofonWmethano. 92/8 to give a 
white solid (5787g, 71 .9%). Crystallisation from water gave a white powder 
H-NMR (DMSO-*; 300 MHz) 5 I ,.59 (1H, bs, NH-3), 8.08 ( 1H , s, H-6), 7 25 (,H d 
>.3.6 Hz, „-5b), 6.85 (IH , d, ^,3.6 Hz, H- 5 a), 6.13 (,H, ,, ^6.5 Hz, H-,-) 529 
(1H, bs, OH-3-), 5,,3 (,H, bs, OH-5-), 4.24 „H, m, H-3'), 3.79 (,H, m, H-4'), 3 66 (2H 
10 m, H-5'), 2.51 (lH,m,H-2'), 2.14 (,H, m.H-2'). 

"C-NMR (DMSO-*; 75 MHz): 8 40.2 (C-2'), 61.3 (C-5), 70.3 <C-4'), 84.8 (C-3-) 87 8 
(C-D, 108.9(C-5b), 110.0(05), 130.3 (C-5a), .49.6, 162.1 (C-2.C4). ' ' 



15 Synthesis of ff)-5-(2-Brom.v i ny,K^e„x y ur W lne.5.., P he„yHme,h. X y-L-a 1 a„ i „y 1)) . 
phosphate (CPF 1). 

C 2 iH25BrN30 9 P, MW 574.32. 




20 

This was synthesised according to Standard procedure 5, using BVdU (300 mg 0 90 
mmol), PhenylKmethoxy-L-alaninyD-phosphorochloridate (472 mg, 1.7 mmol), NMI (4 5 
mmol, 378 M L) in THF (9 mL) f or 2 ^ ^ crude product was ^ fey ^ 

chromatography, eluting with CH 2 C. 2 /Methanol 97:3 to give the pure product as a white 
25 foamy solid (356 mg, yield 69%). 

3, P-NMR (CDCI 3 , 121 MHz): 8 4.72, 4.40. 



10 
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'H-NMR (CDC1 3 ; 300 MHz): 8 9.9 (IH, bs, H-3), 7.64 (IH, 2xs, H-6), 7.44-7.39 (IH 2d 
3 ^14 Hz, H-5b), 7.37-7.15 (5H, m , OP*), 6.75-6.67 (IH, 2d, V=14 Hz, H-5a), 6.30-6 21 
(IH, 2t, V=6 Hz, HI'), 4.57-4.29 (3H, m, H-5' + H-3'), 4.2-3.96 (3H, H-4', NH, CHala) 
3.72 (3H, s, CH3O), 2.49-2.40 (IH, m, one of H-2'), 2.12-2.01 (IH, m, one of H-2') 1 38 
5 (3H,d, 3 ^7Hz,CH 2ala ). 

»C-NMR (DMSO; 75 MHz): 5 22.4 (CH 3 ala ), 41.9, 41.8 (C-2'), 51.9 (C^C*]), 54.3 
(CH3O), 67.5 (C-5'), 72.3, 71.9 (C-3'), 87.3, 87.2, 86.9, 86.8 (C-l', C-4'), 110.6 (C-5b) 
113.1 (C-5), 121.7 ('„', OP/,), 127.0 C p\ OPh), 130.1 (C-5a), 131.5 ('m' OPh), 139.2 (C- 
6), 150.9 {'ipso', OPh) 151.9 (C-4), 163.2(C-2), 175.7 (COOCH3). 



15 



Synthesis of (E)-5-(2-Brom 0 vinyl)-2'-deoxyuridin e -5'-[ph e nyl-(ethoxy-L-aIani„yl)J- 
phosphate(CPF 3). 

C 2 2H27BrN 3 09P, MW=588.34. 




Br 



This was synthesised according to Standard procedure 5, using BVdU (150 mg, 0.45 
mmol), Phenyl-(ethoxy-L-alaninyl)-phosphorochloridate (249 mg, 0.9 mmol), NMI (2 8 
20 mmol, 190 uL) in THF (4 mL) for 2 hrs. The crude product was purified by column 
chromatography, eluting with CH 2 Cl 2 /Methanol 97:3 to give the pure product as a white 
foamy solid (145 mg, yield 55%). 
3, P-NMR (CDCI3, 121 MHz): 8 4.48, 4.86. 

'H-NMR (CDCI3, 300 MHz): 8 7.65 (IH, 2xs, H-6), 7.44-7.39 (IH, 2d, V=13 Hz, H-5b) 
25 7.35-7.10 (5H, m, OPh), 6.78-6.65 (IH, 2d, V=13 Hz, H-5a), 6.35-6.25 (IH, 2t, V=6 Hz' 
HI'), 4.62-3.95 (8H, m, H-5', H-3', H-4', CHala, NH, CH 3 C^O), 2.49-2.40 (IH, m, one 
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of H-2'), 2.10-2.00 (1H, m, one of H-2'), 1.40 (3H, d, V=7 Hz, CH, ala ), 1.25 (3H, 2t V=7 
Hz, C#jCH 2 0). 

,3 C-NMR (CDCI3, 75 MHz): 8 14.5 (CH 3 CH 2 0) 21.2, 21.1 (CH 3 ala), 40.9,40.7 (C-2') 
50.8, 50.7 (CHala), 62.2, 62.1 (CH 3 CH 2 0), 66.5, 66.3 (C-5'), 70.9, 70.6 (C-3'), 86 0 85 6 
5 (C-1', C-4'), 110.1 (C-5b), 111.8 (C-5), 120.6 (V, OPh), 125.0 (>>, O/*), 129.0 (C-5a) 
130.2 Cm', OPh), 138.2 (C-6), 149.9 (C-4), 150.7 ('ipso', OPH), ,62.3 (C-2), ,74.2 174 1 
(COOCH 2 CH 3 ). 



10 Synthesis of <EW2-Bromoviny,>2^^ 
phosphate (CPF 2). 
C 2 7H 2 9BrN 3 0 9 P, MW=649.08. 




15 



This was synthesised according to Standard procedure 5, using BVdU (150 mg, 0 45 
mmol), Phenyl-(benz y lox y -L-alaniny])-phosphorochloridate (249 mg, 0.9 mmoI),NMI 
(2.8 mmol, 190 uL) in THF (5 mL) for 2 hrs. The crude product was purified by column 
chromatography, eluting with CH 2 Cl 2 /Methanol 97:3 to give the pure product as a white 
20 foamy solid (228 mg, yield 78%). 

3, P-NMR (CDC1 3 , 121 MHz): 5 4.74, 4.44. 

'H-NMR (CDC1 3 , 300 MHz): 5 10.31 (1H, bs, H-3), 7.63 (1H, 2xs, H-6), 7.45-7 14 (11H 
m, O/^CH^, H-5b), 6.75-6.66 (1H, 2d, V=,4 Hz, H-5a), 6.30-6.25 (,H, m H-,') 
5.18-50.9 (1H, s, QjfcPh), 4.70-4.04 (6H, m, H-3', H-5',H-4', N£, CHala), 2.42 (1H m' 
25 oneofH-2'),2.02(lH,m,oneofH-2'),1.40(3H,d,V=7Hz,CH 3 ala). 

,3 C-NMR (CDC1 3 , 75 MHz): 8 20.7, 20.8 (CH 3 ala), 40.4 (C-2'), 50.4 (CHala), 66 0 (C-5') 
67.4 (CH 2 Ph), 70.6 (C-3'), 85.4, 85.5, 85.6, 85.8 (C-1 ', C-4'), 109.9 (C-5b), 1 , 1.5 (C-5b)' 
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120.2 Co', OPh), 125.4 VP\ OPh), 128.5, 128.6, 129.9 ('m' OPh, Bn, C-5a), 135 \('i pso > 
CH^ 137.8 (C-6), 149.8 (C-4) 150.2 ('ipso', OPh), 161.8 (C-2), 173.6 (COOBn). 



5 Synthesis of (E)-5-(2-Bromovi„yl)-2'.deoxyuridin e -5'-[para.n«orophenyI-(methoxy- 
L-alaninyl)]-phosphate (CPF 5). 

C 2 iH24BrFN 3 09P, MW=592.31. 




10 

This was synthesised according to Standard procedure 5, using BVdU (200 mg, 0.60 
mmol), para-fluorophen y ]-(methoxy-L-alaninyl)- P hosphorochloridate (442 mg, 1.5 mmol) 
NMI (4.98 mmol, 332 pX) in THF (5 mL) for 2 hrs. The crude product was purified by 
column chromatography, eluting with CH 2 Cl 2 /Methanol 97:3 to give the pure product as a 
1 5 white foamy solid ( 1 77 mg, yield 50%). 
3I P-NMR (CDCI3, 121 MHz): 8 5.10, 4.81. 

■H-NMR (CDCI3; 300 MHz): 5 10.1 (1H, bs, H-3), 7.60 (1H, 2xs, H-6), 7.39-7.32 (1H, 2d 
3 J=14 Hz, H-5b), 7.20-6.95 (4H, m, OPh), 6.70-6.60 (1H, 2d, V=14 Hz, H-5a), 6.30-6.15 
(1H, 2t, V=6 Hz, HI'), 4.55-4.29 (3H, m, H-5'+H-3'), 4.15 (1H, NH), 4.05-3.85 (2H H-4' 
20 CHala), 3.72 (3H, 2s, CH3O), 2.49-2.32 (1H, m, one of H-2'), 2.15-2.05 (1H, m, one of H- 
2'), 1.35 (3H, 2d, 3 J=6 Hz, CH 3 ala ). 

,3 C-NMR (DMSO; 75 MHz): 8 21.2 (CH 3 aIa ), 40.8 (C-2'), 50.8, 50.6 (C2[CH 3 ]), 53.2 
(CH 3 0), 66.7, 66.3 (C-5'), 71.9, 71.8 (C-3'), 86.1, 85.7, 85.8 (C-l\ C-4'), 110.3 (C-5b) 
111.9 (C-5), 117.0, 116.7 Co', OPJO, 122.0 (W, OPh), 128.2 (C-5a), 138.2 (C-6) 1490 
25 ('ipso', OPh) 149.9 (C-4), 158.5 (>', OPh), 163.2(C-2), 175.1 (COOCH 3 ). 
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Synthesis of (E)-5-(2-Bromovinyl)-2Vdeoxyaridine.5'.|p a ra-fluorophe n yl.(ethoxy-L- 
alaninyl)]-phosphate (CPF 6). 

C 2 2H26BrFN 3 09P, MW=606.33. 




This was synthesised according to Standard procedure 5, using BVdU (200 mg, 0.60 
mrnol), para-fluorophenyl-(ethoxy-L-alaninyl)-phosphorochloridate (464 mg, 1.5 mrnol) 
NMI (4.98 mrnol, 332 pL) in THF (5 mL) for 2 hrs. The crude product was purified by 
10 column chromatography, eluting with CH 2 Cl 2 /Methanol 97:3 to give the pure product as a 
white foamy solid (240 mg, yield 66%). 
3, P-NMR (CDCI3, 121 MHz): 8 5.14, 4.88. 

'H-NMR (CDCI3, 300 MHz): 5 10.25 (IH, bs, H-3), 7.85 (IH, 2xs, H-6), 7.44-7.39 (IH 
2d, V=14 Hz, H-5b), 7.3-7.0 (4H, m, OPh), 6.8-6.65 (IH, 2d, \/=14 Hz, H-5a), 6 35-6 25 
15 (IH, 2t, V=6 Hz, HI'), 4.6-4.1 (6H, m, H-5>, H-3', CHala, NH, CH 3 C^O), 4.02 (IH, m, 
H-4'), 2.55-2.45 (IH, m, one of H-2'), 2.20-2.10 (IH, m, one of H-2'), 1.40 (3H, d V=8 
Hz, CH3 ala ), 1 .25 (3H, 2t, V=7 Hz, C£QCH 2 0). 

,3 C-NMR (CDCI3, 75 MHz): 8 14.5 (CH 3 CH 2 0) 21.3 (CH 3 ala), 40.8,40.7 (C-2'), 50 8 
50.7 (CHala), 62.3 (CH 3 CH 2 0), 66.7, 66.3 (C-5'), 71.1, 70.7 (C-3'), 86.1, 85.8, 85 6 85 4 
20 (C-l', C-4'), 110.4 (C-5b), 111.9 (C-5), 117.0 (V, OPh), 122.2 ('m', OPh), 128.9 (C-5a), 
138.2 (C-6), 146.4 ('ipso', OPh), 149.9 (C-4), 158.5 (<p\ OPh), 162.2, 161.8 (C-2), 1742 
(COOCH 2 CH 3 ). 



25 Synthesis of (E>5-(2-Bromovi„yl).2'-deoxyuridine-5'-[para.fluoro P henyl-(benz 0 xy- 
L-alaninyI))-phosphate (CPF 7). 

C 2 7H 2 8BrFN 3 09P, MW=668.40. 
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This was synthesised according to Standard procedure 5, using BVdU (200 mg, 0.60 
5 mmol), para-fluorophenyl-(benzyloxy-L-alaninyl)-phosphorochloridate (556 mg, 1.5 

mmol), NMI (4.98 mmol, 332 uL) in THF (5 mL) for 2 hrs. The crude product was 

purified by column chromatography, eluting with CH 2 Cl 2 /Methanol 97:3 to give the pure 

product as a white foamy solid (256 mg, yield 64%). 

3, P-NMR (CDC1 3 , 121 MHz): 5 4.74, 4.44. 
10 'H-NMR (CDCI3, 300 MHz): 5 7.69 (1H, 2xs, H-6), 7.45-7.39 (1H, 2d, V=14 Hz, H-5b), 

7.37-7.00 (9H. m, OP&+CH 2 P&), 6.75-6.65 (1H, 2d, 3 J=14 Hz, H-5a), 6.30-6.2 (1H, 2t! 

V=6Hz, H-l'), 5.2 (1H, 2s, C/£Ph), 4.85-4.00 (6H, m, H-3\H-5',H-4\ Ntf, CHala), 2.47 

(1H, m, one of H-2'), 2.0-2.15 (1H, m, one of H-2'), 1.38 (3H, d, V=7 Hz, CH 3 ala). 

,3 C-NMR (CDCI3, 75 MHz): 5 21.2, 21.1 (CH 3 ala), 40.7 (C-2'), 50.4 (CHala), 66.7, 66.4 
15 (C-5'), 67.8 (CH 2 Ph), 71.1, 70.7 (C-3'), 86.0, 85.7, 85.4, 85.3 (C-l\ C-4'), 110.4 (C-5b), 

111.9 (C-5), 117.0 ('0', Om, 122.0 ('»,', OPh), 128.7, 128.6 (Bn, C-5a), nSA{>ip SO [ 

CH 2 Ph) 138.2 (C-6), 146.5 ('ipso ', OPh), 149.9 (C-4), 158.5 (>' OPh), 162.2 (C-2), 173.9 

(COOBn). 



Synthesis of (E)-5-(2-Bromovinyl)-2'-deoxyuridine-5'-[para-nitrophenyl-(methoxy-L- 
alaninyl)]-phosphate (CPF 10). 

C 21 H 24 BrN 4 Oi,P, MW=619.31. 
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This was synthesised according to Standard procedure 5, using BVdU (200 mg, 0.60 
mmol), para-nitrophenyl-Cmethoxy-L-alaninyD-phosphorochloridate (483 mg, 1.5 mmol), 
5 NM1 (4.98 mmol, 332 uL) in THF (5 mL) for 2 hrs. The crude product was purified by 
column chromatography, eluting with CH 2 Cl 2 /Methanol 97:3 to give the pure product as a 
white foamy solid (21 1 mg, yield 57%). 
3I P-NMR (CDC1 3 , 121 MHz): 5 4.95. 

'H-NMR (MeOD; 300 MHz): 5 8.3-8.2 (2H, m, OPh) 7.8-7.75 (1H, 2xs, H-6), 7.35-7.30, 
10 7.55-7.4 (2H, m, OPh), 7.35-7.30 (1H, 2d, V=14 Hz, H-5b), 6.80-6.70 (1H, 2d, V=14 Hz 
H-5a), 6.30-6.2 (1H, 2t, V=6 Hz, HI'), 4.5-4.3 (3H, m, H-5',H-3'), 4.2-4.0 (2H, m, H-4'' 
CHala), 3.72 (3H, 2s, CH3O), 2.35-2.15 (2H, m, 2 H-2'), 1.35 (3H, 2d, V=7Hz, CH 3 aIa ). ' 
,3 C-NMR (DMSO; 75 MHz): 8 20.9 (CH 3 aIa ), 41.6, 41.5 (C-2'), 52.0, 51.9 (££/[CH 3 ]), 
53.4 (CH3O), 68.5 (C-5')> 72.4, 72.3 (C-3'), 87.7, 87.4, 87.0, 86.9 (C-l\ C-4'), 109.8 (C- 
15 5b), 112.8 (C-5), 122.6 Co', OPh), 127.1 (<„,', OPh), 130.8 (C-5a), 140.3 (C-6), 146.5 
('ipso; OPh), 151.4 (C-4), 157.2 (>', OPh), 163.9 (C-2), 175.8,175.5 (COOCH 3 ). 



Synthesis of (E)-5-(2-Bromovin y l)-2'-deox y uridine-5'-Ipara-nitrophenyl-(ethoxy-L- 
alaninyl)]-phosphate (CPF 9). 

20 C 2 2H26BrN 4 O n P,MW=633.34. 
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This was synthesised according to Standard procedure 5, using BVdU (200 mg, 0.60 
mmol), para-nitrophenyl-(ethoxy-L-alaninyl)-phosphorochloridate (504 mg, 1.5 mmol) 
5 NMI (4.98 mmol, 332 uL) in THF (5 mL) for 1 hr. The crude product was purified by 
column chromatography, eluting with CH 2 Cl 2 /Methanol 97:3 to give the pure product as a 
white foamy solid (232 mg, yield: 61%). 
3, P-NMR (CDC1 3 , 121 MHz): 5 4.28. 

■H-NMR (CDCI3, 300 MHz): 6 10.25 (1H, bs, H-3), 8.25-8.2 (2H, 2d, V=9Hz OPh) 1 7 
10 (1H, 2xs, H-6), 7.5-7.45 (2H, 2d , V=9Hz, OPh), 7.4-7.35 (1H, 2d, ^=14 Hz, H-5b) 6 7- 
6.65 (1H, 2d, V=14 Hz, H-5a), 6.3-6.2 (1H, 2t, V=6 Hz, HI'), 4.8-4.1 (7H, m, H-5' H-4' 
H-3', CHala, NH, CH 3 C^O), 2.45-2.4 (1H, m, one of H-2'), 2.20-2.10 (1H, m, one of H- 
2'), 1 .40 (3H, d, V=8 Hz, CH 2 ala ), 1 .3 (3H, 2t, 3 J=7 Hz, C^CH 2 0). 

,3 C-NMR (CDCI3, 75 MHz): 5 14.5 (CH 3 CH 2 0) 21.1 (CH 3 ala), 40.6 (C-2'), 50.8, 507 
15 (CHala), 62.5 (CH 3 CH 2 0), 66.9, 66.8 (C-5'), 71.2, 70.9 (C-3'), 86.3, 85.9, 85 4 85 3 (C- 
1', C-4'), 110.3 (C-5b), 111.8 (C-5), 121.3 (<o% OPh), 126.1 Vm ; OPh), 12S.B (C-5a) 
138.4 (C-6), 145.1 ('ipso', OPh), 149.9 (C-4), 155.5 (>', OPh), 162.3 (C-2), 174 0 173 9 
(COOCH 2 CH 3 ). 



Synthesis of (E)-5-(2-Bromovin y l)-2'-deox y uridine-5'-Ipara-nitrophen y l-(benzox y -L- 
a!aninyl)J-phosphate (CPF 8). 

C 2 7H 28 BrN 4 0„P, MW=695.41. 
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This was synthesised according to Standard procedure 5, using BVdU (200 mg, 0.60 
mmol), para-nitrophenyl-Ojenzyloxy-L-alaninyO-phosphorochloridate (597 mg, 1.5 mmol), 
5 NMI (4.98 mmol, 332 pX) in THF (5 mL) for 2 hrs. The crude product was' purified by 
column chromatography, eluting with CH 2 Cl 2 /Methanol 97:3 to give the pure product as a 
white foamy solid (228 mg, yield 55%). 
31 P-NMR (CDC1 3 , 121 MHz): 8 4.74, 4.44. 

'H-NMR (CDCI3, 300 MHz): 8 10.4-10.3 (IH, bs, H-3), 8.2-8.1 (2H, m, OPh), 7.69 (IH 
10 2xs, H-6), 7.4-7.2 (IH, 2d, V=14 Hz, H-5b), 7.37-7.00 (7H. m, OPh+CHiPJO, 6.75-6.65 
(IH, 2d, V=14 Hz, H-5a), 6.25-6.15 (IH, 2t, V=6Hz, H-l'), 5.2 (IH, d, C^Ph), 4.87 (IH, 
m, H-3'), 4.6-4.2 (3H, m, H-5', CHala) 4.2-4.00 (2H, m, H-4', N&), 2.55-2.45 (IH, m, 
one of H-2'), 2.2-2.05 (IH, m, one of H-2'), 1 .38 (3H, d, V=7 Hz, CH 3 ala). 
,3 C-NMR (CDCI3, 75 MHz): 8 21.2, 21.1 (CH 3 ala), 40.6 (C-2'), 50.9 (CHala), 67.1, 67.0 
15 (C-5'), 68.0 (£H 2 Ph), 7 1.3, 70.9 (C-3'), 86.3, 86.0, 85.3, 85.2 (C-l', C-4'), 110.4 (C-5b), 
111.9, 111.8 (C-5), 121.3 Co', OPh), 126.2-126.1 (W, OPh), 129.1, 128.7,128.6 (Bn, C- 
5a), 135.4 (W, CU 2 Ph), 138.3 (C-6), 145.1 ('ipso', OPh), 149.9 (C-4), 155.6 (>'OPh) 
162.2 (C-2), 173.8,173.7 (COOBn). 



Synthesis of (^-5-(2-bro m ovi„yl)-2'-deoxyuridine-5'-^«r«-(trifluoromethyl).phen y l- 
(methoxy-L-alaninyl)]-phosphate (CPF 15). 
C 2 2H24BrF 3 N309, MW=642.31. 



25 
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T** was synced according ,„ ^ rrfprW „„ 5> ^ BVdu 

" ^"«™an i ny I >pho S phor„c W ori (1 a«e (5,8.8 mg> ,. 5 ^o,), NMI 
(246.3 mg , 3.0 nuno., 239 pi, i„ THF (5 m L) for 4 hr, The crude produc, was purified by 
coh™ chromatography, ehaing with ch,orofornV m ed,a„o, 97:3 ,o give the pure pro<iu c t 
5 as a white foamy solid (21 1.1 mg> yield 54.7o/o). 
3, P-NMR (MeOD, 121 MHz): 8 5.23, 5.07. 

'H-NMR (MeOD. 300 MHz): 5 7.80 (1 H, s , „-6), 7.70 (2H, d, ^8.7 Hz, QM, 7 47-7 42 

£ „ 7 '" 7' * * 6 - 82 -'- 78 <'"• * *«« Hz^Sa), ,30- 

6.23 (1H, m , H-l '), 4.52-4.29 (3H, m , H-3' + H-5'), 4.,7-4.,3 (.H, m , „. 4 -, 405-3 9, 
10 (1H, m, CfiCHj), 3.67 (3H s OOM 2 35 ■> « /, u „ 

( ' ' 2 - 35 " 2 -32 (1H, m, one of H-2'), 2.23-2.16 (1H m 

oneofH-2'), 1.37-1.34(3H,d,^7.1Hz,CH£tf i ). ' 
"C-NMR (MeOD, 75 MHz): 5 20.6, 20.7, 20.8, 20.9 (CHOW, 41.5, 4..7 (C-2') 5, 9 
«* (CHCH3), 68.2, 68.3 (C-5-), 72.4, ,2.5 («•), 87,, 87.2, 87.4, 87.6 CP ' 
■09.7 (C5b), .,2.6 (C-5), ,22.5, ,22.7 ( V, 0£a), ,25.8 (CF 3 .269 Hz, ,287 V 
.5 Om ,28, <>; .33 Hz, ,30.9 (C5a), ,40.3 (C-6^,5,.4, Tl^To^' 

155.1, ,55.2 (C-4), ,64.0 (C-2), ,75.6, 175.9, (OOOCH,). 



20 



Sy»,h. sis „f ( £ >5-«2-bro n ,.v i „y0-2,de.xy nr ,d 1 „e -5- ««rinu.™ K , hvl) . phellvI . 
(ethoxy-L-alaninyl)]-phosphate (CPF 25). 
C23H 2 6BrF3N 3 05 ) P, MW=65634 



25 
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This was synthesised according to Standard procedure 5, using BVdU (200 mg, 0.60 
mmol), phenyl-(ethoxy-L- a laninyl)-phosphorochioridate (539.5 mg, 1.5 mmol),NMI 
(246.3 mg, 3.0 mmol, 239 pL) in THF (5 mL) for 20 hrs. The crude product was purified 
5 by column chromatography, eluting with dichloromethane/methanol 95:5 to give the pure 
product as a white foamy solid (1 72.6 mg, yield 43.8%). 
3, P-NMR (CDC1 3 , 121 MHz): 5 4.65, 4.35. 

'H-NMR (CDCI3, 300 MHz): 5 10.05 (1H, s, H-3), 7.69-7.64 (3H, m, H-6+O/V,) 7 46- 

7.39 (3H, m, OPh + H-5b), 6.76-6.68 (1H, 2d, V=13.6 Hz, H-5a), 6.34-6.25 (1H, m H-l') 
10 4.57-4.35 (4H, m, H-3' + H-5' + N£), 4.27-4.13 (4H, m, H-4' + OC/£CH 3+ OH-3') 4 12-3 98 

(1H, m, C//CH 3 ), 2.53-2.47 (1H, m, one of H-2'), 2.21-2.12 (1H, m, one of H-2') 1 43- 

1 .40 (3H, d, V=7.0 Hz, CHCm), 1 .28, 1 .27 (3H, 2t, V=7.0 Hz, OCH 2 C/£) 

,3 C-NMR (CDC1,, 75 MHz): 8 14.5 (CH 3 CH 2 0), 21.2, 21.3 (CHCH 3 ), 40.7 (C-2') 50 8 
50.9 (CHCH 3 ), 62.4 (CH 3 CH 2 0), 66.3, 66.7 (C-5'), 70.7, 71.1 (C-3'), 85.3, 85.4, 85.8 86 1 
15 (C-r, C-4'), 110.5 (C-5b), 112.0 (C-5), 122.0 (V, OPh), 124.2 (CF 3 , 7=271 Hz), 127.7, 
127.8, 128.7 Cm', OPh), 128.8 (C-5a), 138.0 (C6), 149.7 ('ipso', OPh), 153 2 (C-4) 
161.9 (C-2), 174.0, 174.1 (COOCH 2 CH 3 ). 



20 



Synthesis of (E>5-(2-Bro m ovu,y])-2'-deox y uridi n e-5'- I para-trifluorophei,yl- 
(benzoxy-L-alaninyl)J-phosphate (CPF 4). 
C 2 8H28BrF 3 N 3 09P, MW=718.41. 
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Thts was synced according «o Staniar* procedure 5, using BVdU (200 mg 0 60 

mmol), P^-«fluorophcnyl.(be my ]oxy-L-alaninyl).phosphorochloridate (632 mg 1 5 
5 rnmoa NM, (4.98 mmol, 332 p L ) in THF (6 mL) for 2 ^ ^ ^ ^ 

punned by column chromatography, dating with CH 2 CI 2 /Methanol 97:3 to give the pure 
product as a white foamy solid (308 mg, yield 7 1 %). 
"P-NMR (CDClj, 121 MHz): 5 5.31, 4.87. 

'H-NMR (CDC.,, 300 MHz): 8 ,0.05 (,H, bs, H-3), 7.7, 7.25 („„. m , H -5b H-6 
■0 Oa + CH^, 6.75-6.65 „„, 2d, V=,4 Hz, H-5a), 6.35-6.2 (,H, 2, '^Hz, H-„ 5 ,5 
(1H, 2S, QfcPh), 4.6-4.25 (4H, m, H-s; H-3% CHa,a) 4.2-4.00 (2H, m, H-4', N S ) 2 55- 
2.4 (1H, m, one of H-2'), 2.2-2.05 (1 H, m, one of H-2-), , .38 (3H, d, ^7 Hz, CH,ala) ' 

C-NMR (CDC,,, 75 MHz): 8 21.2, 21, <C Hj ala), 40.7 (C-2-), 50.9, 50.8 (CHala), 67 1 
67.0(C-5-), 68.0<CH 2 P„), 71.2, 70.9 (C-3'), 86.1, 85.8, 85.5, 85.4 (C-1-, C-4') , ,0 2 (C 
5 5b), ,,,.9, ni.8 (C5), ,2,, (V, Oa ,25, (d, ,-270Hz, CP 3 ), ,27.6 J J Om 
,29,, ,28.7, ,28.6 (Bn, C5a), ,30, Wa , J=3 2„z, 0£ *) ,35.4< W , ^ £ 
(C-6), ,50.2, 150, (C-4), 153.6 (Vso'OPh), ,62.7(C-2), 173.9, ,73.6(COOB„) 



Synthesis of (^)-5-(2-brom.vi„y,)-2--deoxy„rid^ 5 ,,4-ch 1 .ro P h.ny 1 - (ra e t hoxy-L. 
alaninyI)]-phosphate (CPF 13). 

C21H24B1-CIN3O9P, MW=608.76. 
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Th,s was synthesised according to Standard procedure 5, using BVdU (200 mg 0 60 
mmol), 4-chlorophenyl-(methoxy-L.alaninyl)-phosphorochloridate (374.5 mg 1 2 mmol) 
5 NMI (246.3 mg, 3.0 mmol, 239 uL) in THF (8 mL) for 5 hrs. The crude product was 
punned by column chromatography, eluting with Chloroform/Methanol 97:3 to give the 
pure product as a white foamy solid (1 39.0 mg, yield 38.0%). 
3, P-NMR (CDCI3, 121 MHz): 8 4.81, 4.54. 

^H-NMR (CDCI3, 300 MHz): 5 10.11 (1H, bs, H-3), 7.68 (1H, s, H-6), 7.46-7.40 (,H d 
.7=13.6 Hz, H-5b), 7.35-7.20 (4H, m, OPh), 6.76-6.67 (1H, 2d, V=13.6 Hz, H-5a) 6 34- 
6.24 (1H, m, H-l '), 4.58-4.40 (5H, m, H-3' + H-5' + N/i), 4.36-4.19 (1H, m, H-4') 4 07- 
3.99 (1H, m, C//CH3), 3.75 (3H, s, OCH i} , 2.49-2.48 (1H, m, one of H-2'), 2.17-2 15 (1H 
m, one of H-2'), 1 .42-1 .39 (3H, d, V=7.0 Hz, CH£^). 

"C-NMR (CDa 3> 75 MHz): 6 21.2 (CHCH 3 ), 40.7, 40.8 (C-2'), 50.6, 50.8 (CHCH 3 ) 
15 53.2, 53.3 (OCH 3 ), 66.4, 66.7 (C-5'), 70.8, 71.2 (C-3'), 85.4, 85.5, 85.8, 86.2 (C-l • C-4')' 

110.5 (C-5b), 1,1.9, l,2.0(C-5), 122.0(' o ',o m 128.9 (C-5a), , 30.3 ( 'm ; OPh) 131 
CP', OPh), 138.2 (C-6), 149.1, 149.2 ('ipso', OP®, 149.8 (C-4), 162.1, ,62.2 (C-2) H4 5 

174.6 (COOCH3). 



20 



Synthesis of (£)-5-(2-bro m ovi»y, ) -2'-deox y uridi n e.5'- [ 4-chlorophe„y,-(ethoxy. L - 
alaninyl))-phosphate (CPF 11). 

25 C 2 2H26BrN 3 09P, MW=622.79. 
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Tta »aa seised according ,o SWW , 5 , ^ Bv<ju 

5 NM ( 2 .7 mg, „ ^ 215 , L) fa raF (1 „ ^ for „ ^ ^ ^ J- 

punfied by column chromatography, emting with dicUoromethane/methano, 97:3 ,o give 
the pure product as a white foamy solid (168.4 mg, yield 30.0%) 
"P-NMR (CDC1,, 121 MHz): 8 4.88, 4.65. 

'H-NMR (CDC,,, 300 MHz): 8 9.5, „H, bs, H-3), 7.69-7.68 (,H, 2s, H-6, 7 49-7 43 „H 

633-6.24 (1H, m, H-P), 4.62-4.34 (3H, m, H-3HH-5-), 4 28-3 89 (5H m H 

>, 1.43-,.4, (3H, d, ^7.0 Hz, CHfTfc), ,.33-728 (3H, 2,, ^7.2 Hz, OCH.Cg,) 
C-NMR (CDC. 75 MHz): 8 ,4.5 (CH 3 CH 2 0), 2,.2, 2,.3 (CHCH,), 40.7 (C-2-) 507 
50 8 « 4 ™*». *7 (C-5.), 70.8, 7,.2 (C-3,, 85.4, 85 8 86 , (C , C 

4'), -.0.4 (C-5b), „2.0 (C-5), ,22.0, , 22 , (V . 0£S ), ,28.9 (C-5 ), not i on 



20 



of ^2 ^^r^^,.^ 
alaninyl)]-phosphate (CPF 12). 
25 C 2 2H26BrN30 9 P, MW=622.79. 
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This was synthesised according to Standard procedure 5, using BVdU (300 mg, 0.90 
mmol), 4-chlorophenyl-(benzoxy-L-alaninyl)-phosphorochloridate (698.7 mg, 1.80 mmol), 
5 NMI (369.5 mg, 4.5 mmol, 358.7 uL) in THF (10 mL) for 2 hrs. The crude product was 
purified by column chromatography, eluting with dichloromethane/methanol 95:5 to give 
the pure product as a white foamy solid (3 1 0.0 mg, yield 50.3%). 
3, P-NMR (CDC1 3 , 121 MHz): 5 4.81, 4.53. 

'H-NMR (CDCI3, 300 MHz): 5 10.10 (1H, bs, H-3), 7.65-7.63 (1H, 2s, H-6), 7.69-7 68 
10 (1H, 2s, H-6), 7.46, 7.41 (1H, 2d, V=13.6 Hz, H-5b), 7.40-7.17 (9H, m, OP*), 6.75-6.66 
(1H, 2d, V=13.6 Hz, H-5a), 6.33-6.23 (1H, 2t, V=6.0 Hz, H-l>), 5.17 (2H, s, C^Ph), 
4.60-4.23 (4H, m, H-3' + H-5>+N//), 4.20-3.97 (2H, m, H-4'+ C£CH 3 ), 2.48-2.44 (1H, m' 
oneofH-2'),2.15-2.05(lH,m,oneofH-2'), 1.43-1.40 (3H, d, V=7.0 Hz, CHC^). 
,3 C-NMR (CDCI3, 75 MHz): 8 21.2 (CHCH3), 40.7 (C-2'), 50.8, 50.9 (CHCH 3 ), 66.6 (C- 
15 5'), 67.9 (CH 2 Ph), 70.7, 71.1 (C-3'), 85.4, 85.5, 85.8, 86.1 (C-l\ C-4'), 110.5 (C-5b), 
111.9, 112.0 (C-5), 122.0, (o\ OPh), 128.7, 129.0, 129.1, 130.3 (<m>, OPA + C-5a), 131.1 
C^o'.CH^, n5A(y,OPh), 138.2 (C-6), 149.1 ('ipso', OPh), 150.0(C-4), 162.1 (C- 
2), 1 73 .9, 1 74.0 (COOCH 2 Ph). 



20 



Synthesis of (£)-5-(2-bromovinyl)-2'-deoxyuridine-5'-|phen y l-(methox y -a,a- 
dimethylglycinyl)]-phosphate (CPF 26). 
C22H 2 7BrN30 9 P, MW 588.34 
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This was synthesised according to Standard procedure 5, using BVdU (200 mg, 0.60 
mmol), Phenyl-(methyl-2.amino-2-methylpropanoate)-phosphorochloridate (437.5 mg, 1.5 
5 mmol), NMI (246.3 mg, 3.0 mmol, 239.1 uL) in THF (5 mL) for 4 hrs. The crude product 
was purified by column chromatography, eluting with chloroform/methanol 97:3 to give 
the pure product as a white foamy solid (1 17 mg, yield 33.1%). 
31 P-NMR (CDC1 3 , 121 MHz): 8 3.36, 3.14 

'H-NMR (CDCI3; 300 MHz): 8 9.91 (1H, bs, H-3), 7.73,7.65 (1H, 2s, H-6), 7.50-7.43 (1H 
10 2d, 3 J=13.6 Hz, H-5b), 7.41-7.02 (5H, m, OPh), 6.81-6.71 (1H, 2d, V=13.6 Hz, H-Sa),' 
6.34-6.28 (1H, m, HI'), 4.55-4.17 (6H, m, H-5'+H-4'+H-3', NH, OH-3>), 3.78 (3H, s,' 
Q£0), 2.53-2.39 (1H, m, one of H-2'), 2.25-1.99 (1H, m, one of H-2')' 1 60 (6h' s' 
[C^] 2 C). ' ' 

,3 C-NMR (CDCI3; 75 MHz): 8 27.5, 27.4, 27.2 ([CH3] 2 C), 40.7, 40.6 (C-2'), 53.5 (CH3O) 
15 57.6 (C[CH 3 ] 2 ), 66.5, 66.2 (C-5'), 70.7, 71.1 (C-3'), 85.4, 85.6, 85.5, 85.9 (C-l' C-4')' 
H0.4 (C-5b), 111.9 (C-5), 120.5, 120.6 (V, OPh), 125.7 (>', OPh), 128.9 (C-5a), 130.3 
Cm', OPh), 138.0, 138.3 (C-6), 149.8 ('ipso', OPh) 150.9, 150.8 (C-4), 162.0, 162.1 (C-2) 
176.4, 176.2 (COOCH3). 



20 



Synthesis of (^>5-(2-bro m ovi„yl)-2'-deox y uridine-5'-I P he„ y l-(ethox y -a,a- 
dimethylg|yciny])]-phosphate (CPF 27). 
25 C23H 2 9BrN30 9 P, MW=602.37 
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This was synthesised according to Standard procedure 5, using BVdU (200 mg, 0.60 
mmol), phenyl.(ethyl-2-amino-2-methylpropanoate)-phosphorochIoridate (458.0 mg, 1.5 
5 mmol), NMI (246.3 mg, 3.0 mmol, 239.1 uL) in THF (5 mL) for 5 hrs. The crude product 
was purified by column chromatography, eluting with chloroform/methanol 97:3 to give 
the pure product as a white foamy solid (106 mg, yield 29.3%). 
3, P-NMR (MeOD, 121 MHz): 5 3.91, 3.85 

'H-NMR (MeOD, 300 MHz): 5 7.84, 7.81 (1H, 2s, H-6), 7.44-7.20 (6H, m, 0£* + H-5b) 
10 6.88-6.81 (1H, 2d, 3 ^13.6 Hz, H-5a), 6.34-6.28 (1H, m, H-l'), 4.50-4.34 (3H, m, H-5' +H - 
3'), 4.23-4.15 (3H, m, H-4' + CH 3 C^O), 2.38-2.28 (1H, m, one of H-2'), 2.22-2.09 (1H, m 
one of H-2'), 1.51 (6H, s, [C//j] 2 Q, 1.29 (3H, t, V=7 Hz, C/£CH 2 0) 
,3 C-NMR (MeOD, 75 MHz): 5 14.9 (CH 3 CH 2 0) 27.9, 28.3 ([CH 3 ] 2 C), 41.5 (C-2'), 58.51 
(C[CH 3 ] 2 ), 63.1 (CH 3 CH 2 0), 68.2 (C-5'), 72.6 (C-3'), 87.1, 87.4 (C-l\ C-4'), 109.6 (C- 
15 5b), 112.7 (C-5b), 122.0, 122.1, 122.2, (<o', OPh), 126.7 (>', OPk), 131.0, 131.2 (C-5a 
•m' OPh), 140.4 (C-6), 151.4 ('ipso', OPh) 152.5 (C-4), 164.0 (C-2), 177 2 
(COOCH 2 CH 3 ). 



20 



Synthesis of (^)-5-(2-bromovinyl).2'-deox y uridine-5'-[phen y l.(benzox y -a,a- 
dimeth y lglycinyl)]-phosphate (CPF 14). 
C 28 H 31 BrN 3 0 9 P, MW=664.44. 

25 
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This was synthesised according to Standard procedure 5, using BVdU (242 mg, 0.73 
mmol), phenyl-(benzyl-2-amino-2-methylpropanoate)-phosphorochloridate (533.0 mg, 2.0 
mmol), NMI (298.0 mg, 3.63 mmol, 289 M L) in THF (5 mL) for 4 hrs. The crude product 
was purified by column chromatography, eluting with chloroform/methanol 97:3 to give 
5 the pure product as a white foamy solid (1 29.0 mg, yield 26.7%). 
3, P-NMR (CDCU, 121 MHz): 8 3.39, 3.12. 

'H-NMR (CDC1,, 300 MHz): 8 9.92 (1H, bs, H-3), 7.67-7.60 (1H, 2s, H-6), 7.48-7.41 (1H, 
2d, V=13.6 Hz, H-5b), 7.40-7.16 (10H. m, 0£A+CH 2 £A), 6.78-6.67 (1H, 2d, V=13.6 Hz, 
H-5a), 6.31-6.25 (1H, m, H-l'), 5.18 (1H, s, C/£Ph), 4.50-4.09 (6H, m, H-3'+H-5'+H-4\ 
10 N&OH-3'), 2.48-2.25 (lH,m, one ofH-2'), 2.16-1.82 (1H, m, one of H-2'), 1.60(6H s' 
[CHs] 2 C). 

,3 C-NMR (CDCI3, 75 MHz): 8 27.3, 27.4, 28.5 ([CH 3 ] 2 C), 40.6, 40.7 (C-2'), 57.6, 57.6 
(C[CH 3 ] 2 ), 66.2, 66.5 (C-5'), 68.1 (CH 2 Ph), 70.6, 71.1 (C-3'), 85.4, 85.5, 85.6, 85.8 (C-l\ 
C-4'), 110.4 (C-5b), 112.0 (C-5), 120.4, 120.5, 120.6, 125.7, 128.4, 128.5, 128.8, 128.9^ 
15 130.3 (OPh, C-5a), 135.7(^0', CH 2 £A) 138.1, 138.3 (C-6), 149.8, 150.8, 150.9 ('ipso' 
OPh, C-4), 1 62. 1 (C-2), 1 77.5, 1 75.7 (COOCH 2 Ph). 



Synthesis of (^)-5-(2-bromovinyl)-2'-deoxyuridine-5'-[4-nitrophenyl-(methoxy-a,a- 
dimethylglycinyl)J-phosphate (CPF 45). 
C22H 2 6BrN 4 0 1 ,P, MW=633.34. 
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This was synthesised according to Standard procedure 5, using BVdU (150 mg, 0.45 
mmol), 4-nitrophenyl-(methyl-2.amino-2-methylpropanoate)-pho S phorochloridate (378.8 
5 mg, 1.13 mmol), NMI (184.7 mg, 2.25 mmol, 179.4 uL) in THF (5 mL) for 3 hrs. The 
crude product was purified by column chromatography, eluting with 
dichloromethane/methanol 97:3 to give the pure product as a white foamy solid (145 7 mg 
yield 50.9 %). ' 

3I P-NMR (MeOD, 121 MHz): 5 3.61, 3.56. 

10 'H-NMR (MeOD, 300 MHz): 8 8.30-8.25 (2H, 2d, ^9.0 Hz, OPh), 7.79-7.78 (1H, 2s, H- 
6), 7.49-7.46 (2H, d, V=9.0 Hz, OPh), 7.37-7.32 (1H, 2d, V=13.6 Hz, H-5b), 6.79-6.72 
(1H, 2d, V=13.6 Hz, H-5a), 6.32-6.25 (1H, m, H-l'), 4.48-4.35 (3H, m, H-3'+H-5') 4 15- 
4.14 (1H, m, H-4'), 3.71 (3H, s, C/fcO), 2.41-2.17 (2H, m, H-2>), 1.51 (6H, s, [C^] 2 Q 
3 C-NMR (CDCI3, 75 MHz): 5 28.0, 28.1, 28.2, 28.3 ([CH 3 ] 2 C), 41.4, 41.5 (C-2'), 53 6 

15 (CH3O), 58.7 (C[CH 3 ] 2 ), 68.5 (C-5'), 72.3, 72.4 (C-3'), 86.9, 87.0, 87.4, 87.5 (C-F, C-4') 
109.7 (C-5b), 112.6 (C-5), 122.8, 122.9 (>o>, OP®, 127.0 Cm', OPh), 130.9 (C-5a), 140.5 
(C-6), 146.5 (>', OPh), 151.5 {'ipso; OPh), 157.3 (C-4), 164.0 (C-2), 177.5 (COOCH3). 



20 



Synthesis of (^-5-(2-bro m ovi n yl)-2'-deox yU ridine-5'-[4-nitrophen y l-(ethoxy-a,a- 
dimethylglycinyl)]-phosphate (CPF 46). 
25 C 2 3H 28 BrN 4 Oi,P, MW=647.3. 
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This was synthesised according to Standard procedure 5, using BVdU (150 mg 0 45 
mmol), 4-nitrophenyl-(eth^^^ ^ , 

5 mg, 1.26 mmol), NMl (184.7 mg, 2.25 mmol, 179.4 uL) in THF (5 mL) for 4 hrs The 
crude product was purified by column chromatography, eluting with 
dichloromethane/methanol 97:3 to give the pure product as a white foamy solid (152 9 m g 
yield 52.5%). ' 6 ' 

31 P-NMR (CDC1 3 , 121 MHz): 8 3.00, 2.96. 

10 'H-NMR (CDCI3, 300 MHz): 8 ,0.28 (1H, bs, H-3), 8.25,8.12 (2H, 2d, V=9.0 Hz OP*) 
7.68-7.67 (1H, 2s, H-6), 7.46-7.32 (3H, m, 0£/, +H -5b), 6.69-6.67 (1H, 2d, 3 ^13 5 Hz H- 
5a), 6.32-6.26 (1H, m, H-l'), 4.75-4.36 (5H, m, H-3' + H-5' + OH-3' + N®, 4 25-4 17 (3H 
m ' OC ^ CH >> H- 4 '^ 2 60-2.98 (1H, m, one of H-2>), 2.31-2.10 (1H, m, one of H-2') 1 58 
(6H, s, [C/£] 2 Q, 1 .30-1 .28 (3H, 2t, 3 J=7. 1 Hz, OCH 2 C/fc). 

15 "C-NMR (CDCI3, 75 MHz): 8 14.5 (C^CH.O), 27.1, 27 _ .2, 27.3, 27.4 ([ CH 3 ] 2 C), 40 6 (C- 
2'), 57.7 (C[CH3] 2 ), 62.7 (CH 3 CH 2 0), 67.0 (C-5>), 71.0, 71.2 (C-3'), 85.4, 85 9 86 1 (C- 
1', C-4'), 110.3 (C-5b), 111.9 (C-5), 121.2, ,21.3 (V, OPh), 126.2 (W, OPh), ,28 8 (C- 
5a), 138.4 (C-6), 145.0 {'p\ OPh), 150.0 (C-4), 155.7-155.9 ('ipso', OPh), 162.2 (C-2) 
175.0-175.1 (COOCH 2 CH 3 ). 

20 



Synthesis of (^-^-bromovinyl^'-deoxyuridine-S'-J^nitrophenyl-^enzoxy-^a- 
dimethylglycinyl)]-phosphate (CPF 47). 
C 28 H3oBrN 4 0„P, MW=709.44 
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0 2 N 



10 




Th,s was synthesised accordiug «o S^rU procedure S, using BVdU (l00 n,g 0 30 
m& 1. 7 mmol) , NM1 (.23, m g, , 5 I20 , ML) fa THp <2 

97.3 ,o g,ve .he pure product as a while foamy solid (>60.2 m g, yield 50.2 %) 
P-NMR (CDCI 3 , 1 21 MHz): 5 2.95, 2.89 

300 MHZ): 8 ,0 - 16 (,H - bs " H " 3) - * h, o m 

" h, s, r x 7 - 48 " 7 - 37 (8h> m> ° a+cH ^ H - sb >- ^ * 

•M3.5 Hz, H-5a), 6.36-6.29 (,H, m, H-l •), 5.24 (2H, s, C^Ph), 4 8M 40 fffl m H 
3' + H-5'fOH.3-, Ng), 4.22-4.21 (1H m H-4-) 2 57 7 

OH, m , one of H-2-), 1.64 (6„, s, [C^Q ^ ""^ 2 27 - 2 ' 22 

rzr,?; 7 : ,:" z): 8 27 4 <[cH5]!C) ' 406 <«•>• 578 ™. <«•>, 



20 



Synthesis of ^^on^^ 

d,methy]glycinyl)]-phosphate(CPF42). * ' 

C 2 2H2 6 BrCIN 3 09P, MW=622.79. 



25 
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This was synthesised according to Standard procedure 5, using BVdU (150 mg 0 45 
mmol), 4-chlorophenyl-(methyl-2-amino-2- m eth y lpropanoate)-phospho ro ( 440 2 

5 mg, 1.35 mxnol), NMI (184.7 mg , 2.25 mmol, 179.4 uL) in THF (5 mL) for 6 hrs The 
crude product was purified by column chromatography, eluting with 
dichloromethane/methanol 97:3 to give the pure product as a white foamy solid (146 7 mg 
yield 56.5 %). ' B ' 

3, P-NMR (MeOD, 121 MHz): 5 3.98 (s). 
10 'H-NMR (MeOD, 300 MHz): 8), 7.71-7.69 (1H, 2s, H-6), 7.31-7.13 (5H, m, 0/* + H-5b) 
6.73-6.66 (1H, 2d, V=13.6 Hz, H-5a), 6.23-6.16 (1H, m, H-l '), 4.39-4.22 (3H, m, H-3' + H- 
5>), 4.05-4.03 (1H, m, H-4'), 3.61 (3H, s, C^O), 2.29-2.19 (1H, m, one of H-2') 2 15- 
2.05 (1H, m, one of H-2'), 1.38 (6H, s, [C/£J 2 Q. 

,3 C-NMR (CDCI 3 ; 75 MHz): 8 28.0, 28.2, 28.3, 28.4 ([^hQ, 41.5, 41.6 (C-2') 53 5 
15 53.6 (CH3O), 58.6 (a CH 3 ] 2 ), 68.2 (C-5'), 72.4, 72.5 (C-3'), 87.1, 87.2, 87.3 87 4 (C-V 
C-4'), 109.7 (C-5b), 1,2.7 (C-5), 123.7, ,23.8 (V, OPh), 130.9, 131.1 V m> O^C-5a)' 
131-9 (>\ Om 140.4 (C-6), ,5,.,, 151.2, 151.4 ('ipso', OPA+C-4), 164.0 (C-2) 177 6 
177.7 (COOCH3). 



20 



Synthesis of (£>5-(2-bro m ovi„y, ) -2'-deoxyuridi„e-5M4-ch,orophe n y,-(ethoxy-a,a- 
dimethylglycinyl)l-phosphate (CPF 43). 
C 2 3H 28 BrClN 3 09P, MW=636.81. 



25 
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This was synthesised according to Standard procedure 5, using BVdU (150 mg, 0.45 
mmol), 4-chlorophenyl-(ethyl-2-amino-2-methylpropanoate).phosphorochloridate (413.3 
mg, 1.22 mmol), NMI (184.7 mg, 2.25 mmol, 179.3 uL) in THF (5 mL) for 16 hrs. The 
5 crude product was purified by column chromatography, eluting with 
dichloromethane/methanol 97:3 to give the pure product as a white foamy solid (74 mg 
yield 25.8 %). 

31 P-NMR (CDCI3, 121 MHz): 5 3.47, 3.33. 

'H-NMR (CDCI3, 300 MHz): 6 10.03-9.99 (1H, 2bs, H-3), 7.70-7.67 (1H, 2s, H-6), 7.47- 
10 7.43 (1H, 2d, V=13.6 Hz, H-5b), 7.35-7.20 (4H, m, OPh), 6.77-6.68 (1H, 2d, 3 J=13.6 Hz, 
H-5a), 6.33-6.27 (1H, m, H-l'), 4.55-4.29 (5H, m, H-3'+H-5'+ OH-3'+N£), 4.22-4.17 
(2H, q, 3 ^=7.1 Hz, OC/£CH 3 +H-4'), 2.53-2.42 (1H, m, one of H-2'), 2.22-2.08 (1H, m, 
one of H-2'), 1.57-1.54 (6H, 2s, [C/Z^Q, 1.31-1.30 (3H, 2t, 3 J=7A Hz, OCH 2 C^). 
,3 C-NMR (CDCI3, 75 MHz): 5 14.5 (CH 3 CH 2 0), 27.2, 27.3, 27.4 ([CH 3 ] 2 Q, 40.7 (C-2'), 
15 57.6 (C[CH 3 J 2 ), 62.6 (CH 3 CH 2 0), 66.5, 66.6 (C-5'), 70.8, 71.1 (C-3'), 85.5, 85.74, 86.0 
(C-l',C-4'), HO.4 (C-5b), 112.0 (C-5), 121.9, 122.0, 122.1 (V, OPK), 128.9, 130.2 Cm', 
OPh + C-5a), 130.9 ('p>, OPh), 138.3 (C-6), 149.4 ('ipso', OPh), 149.9 (C-4), 162.1, 162.2 
(C-2), 175.7-175.9 (COOCH 2 CH 3 ). 



20 



Synthesis of (^)-5-(2-brom 0 vin y l)-2'-deoxyuridine-5'-i4-chlorophenyl-(benzox y -a, a - 
dimethylglycinyl)J-phosphate (CPF 44). 
C2 8 H 3 oBrClN 3 0 9 P, MW=698.88. 
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Tto was sy*hesised according ,„ Standi procedure 5, using BVdU (150 mg 045 
mmol), ^^^.^.2.^^^^^^^^^ - 

mg, ..25 mmol), NMI (,84.7 m g, 2.25 mmol, .79.3 M L) in THF (5 mL) for ,6 ^ ^ 
cude pro<tact was purified by ^ chromato ^ phy 

dmhlommelharWmemanol 97:3 «o give .he pure prcdue. as a white foamy so.id (.34 8 mg 
yield 42.9%). * By 

"P-NMR (CDC1 3 , 1 21 MHz): 8 3.44, 3.26. 

'H-NMR (CDC.,, 300 MHz): 6 9.96-9.93 (,H, 2bs, H-3), 7.66-7.65 (1H, 2s, H-6) 747- 
.0 7.4, (,H, 2d, ^,3.5, H-5h). 7.39-7,8 ( 9H, m, C^H^) 6.74-6.69 (,„, 2d, 5 
Hz, H-5a), 6.3,-6.25 (,H, m, H-V), 5.19 (2H, CffiPh), 4.5,-4.29 (4H m H-3HH 
™»>, 4,5-4,2 (2H, m, H-4VOH-3-), 2.48-2.40 (,„, m, one of H-2'X 2, 8-2 05 (,H 
m,oneofH-2'), 1.60-1.59 (6H, 2s, [QfJ 2 C). 

"C-NMR (CDC, 3 , 75 MHz): 6 27,, 27.5 ((CH j]2 C), 40.7 (C-2'), 57.7 (qCH,),) 66 4 
-5 66.6 (C-5-), 68.2 (OfcPh), 70.7, 7„ (C-3,, 85.4, 85.5, 85.7, 86.0 (C-r, C-l) 5 c 
56) ,,2.0 (C-5), ,2,9, ,22.0, ,28.4, ,28.5, ,28.9, ,29, (V, w. J,-. C„io^ 
5a), ,3,.0 ( ,*,<,-, CH 2£S ), ,35.6 (>■, OPH), ,38, (C-6), J49.3 ( W> C«), ,49~7(C 
4),162,(C-2),175.6(COOCH 2 Ph). ( 

20 Synthesis of ( £ >5-(2-b r „mov,n y0 -2--d e oxy„Hd i „e-5--^„- (tri n„„ rome , hyl) . plleilyl . 
(benzoxy-a,a-dime«hy,gl ycto yl)j.p hosphate (cpF 4g) 
C2»H 3 oBrF3N 3 0>P, MW=732.44. 
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This was synthesised according to Standard procedure 5, using BVdU (150 mg, 0.45 

mm ° 1) ' ^^^^yO-phenyl-tbenzyl^-amino-a-methylpropanoate)- 
phosphorochloridate (529.4.5 mg, 1.22 mmol), NMI (184.7 mg, 2.25 mmol, 179.4 uL) in 
5 THF (5 mL) for 4 hrs. The crude product was purified by column chromatography, eluting 
with dichloromethane/methanol 97:3 to give the pure product as a white foamy solid 
(142.1 mg, yield 43.1%). 

3, P-NMR (CDCI3, 121 MHz): 8 3.16, 3.01. 

'H-NMR (CDCI3, 300 MHz): 8 10.06-10.02 (1H, 2bs, H-3), 7.67-7.66 (1H, s, H-6) 7 64- 
10 7.60 (2H, 2d, \/=8.8 Hz, OPh), 7A6-7.32 (8H, m, OPh + CH^ +H-5b), 6.77-6.68 (1H 
2d, 3 J^13.6 Hz, H-5a), 6.31-6.26 (1H, m, H-l '), 5.18 (2H, s, C^Ph), 4.61-4.32 (4H, m H- 
3' + H-5' + N/D, 4.16-4.15 (2H, m, H-4' + OH-3'), 2.48-2.41 (1H, m, one of H-2'), 2.23-2.09 
(1H, m, one of H-2'), 1.60-1.58 (6H, 2s, C[C/£] 2 ) 

,3 C-NMR (CDCI3, 75 MHz): 8 27.0, 27.4, 27.5 (C[CH3] 2 ), 40.6 (C-2>), 57.7, 57.8 
15 (C[CH 3 ] 2 ), 66.8, 66.5 (C-5'), 68.2 (CH 2 Ph), 70.8, 71.1 (C-3'), 85.4, 85.7, 86.0 (C-l\ C-4') 
110.4 (C-5b), 111.9 (C-5), 120.8, 120.9, 121.0, 127.6, 127.7, 128.0, 128.5, 128.8, 1290 
Vo\ m; >p>, OPh+ CH 2 Ph + C-5a), 124.2 (CF 3 , J=267 Hz), 135.6 ('ipso', CH 2 Ph), 138.2 
(C-6), 149.9 (C-4), 153.3 ('ipso', OPh), 162.1 (C-2), 175.4 (COOCH 2 Ph). 



20 Synthesis of (E)-5-(2-Bromovi„yl>.2'- d eox y uridi„e-5'-lphenyl-( m etho Xy -a,a- 
cycloleucinyl)]-phosphate (CPF 16). 
C 24 H 29 BrN 3 09P, MW=614.38. 
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This was synthesised according to Standard procedure 5, using BVdU (250 mg, 0.75 
mmol), Phenyl-(methoxy-a,a-cycloleucinyl)-phosphorochloridate (589 mg, 1.87 mmol) 
5 NMI (6.2 mmol, 415 uL) in THF (7 mL) for 3 hrs. The crude product was purified by 
column chromatography, eluting with CH 2 Cl 2 /Methanol 97:3 to give the pure product as a 
white foamy solid (234 mg, yield 51 %). 
3, P-NMR (CDC1 3 , 121 MHz): 8 3.87, 3.82. 

'H-NMR (CDC1 3 ; 300 MHz): 5 10.35-10.2 (IH, bs, H-3), 7.65 (IH, 2xs, H-6), 7 44-7 39 
10 (IH, 2d,^,3 Hz, H-5b), 7.37-7.15 (5H, m, 0£fc), 6.8 (,H, 2d, V=13 Hz, H-5a), 6 30 
(IH, 2t, J=6 Hz, HI'), 4.4-4.2 (4H, m, H-5', H-3', NH), 4.1 (IH, H-4'), 3.72 (3H 2s 
CH 3 0), 2.49-2.40 (IH, m, one of H-2'), 2.35-2.01 (5H, m, one of H-2' + 4H cyclopentane), 
1.8-1.6 (4H, m, 4H cyclopentane). 

,3 C-NMR (DMSO; 75 MHz): 5 24.4, 24,3, 24.2 (2CH 2 cyclopent), 39.2, 38.6, 38 5 (2CH 2 
15 cyclopent), 40.0 (C-2'), 53.2 (CH3O), 66.4 (^.cyclopentane), 66.6 (C-5') 70 9 (C-3') 
85.8, 85.6, 85.4, 85.3 (C-l', C-4'), 110.2 (C-5b), 111.9 (C-5), 120.7-120.6 (V OPA)' 
125.7 (>\ QCStX 129.0 (C-5a), 130.2 (W, OPh), 138.5 (C-6), 149.9 (C-4), 150.9 150 J 
Cipso', OP®, 162.3(C-2), 176.3, 176.2 (COOCH 3 ). 



20 



Synthesis of (E)-5-(2-Bromovi» y l).2'-deo Xy «ridine-5'- ( phen y l-(ethoxy-a,a- 
25 cycloIeucinyl)J-phosphate(CPF 17). 
QsHsiBrNjC^P, MW=628.41. 
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This was synthesised according to Standard procedure 5, using BVdU (250 mg, 0.75 
5 mmol), Phenyl-(ethoxy-a,a-cy C loleucinyl)-pho S phorochloridat e (642 mg, 1.87 mmol) 

NMI (6.2 mmol, 415 uL) in THF (7 mL) for 2 hrs. The crude product was purified by 

column chromatography, eluting with CH 2 Cl 2 /Methanol 97:3 to give the pure product as a 

white foamy solid (258 mg, yield 55%). 

3, P-NMR (CDCI3, 121 MHz): 5 4.23, 4.1. 
10 'H-NMR (CDCI3, 300 MHz): 8 10.3-10.1 (1H, bs, H-3), 7.8-7.75 (1H, 2xs, H-6), 7.51 (1H 
2d, V=14 Hz, H-5b), 7.45-7.10 (5H, m, OP®, 6.8 (1H, 2d, V=14 Hz, H-5a), 6.22 (1H * 

J=4 Hz, HI '), 4.55-4.05 (7H, m, H-5', H-3', H-4% NH, CH 3 C^O), 2.50-2.40 (1H, m, one 
of H-2'), 2.35-1.95 (5H, m, one of H-2'+4H cyclopentane), 1.95-1.75 (4H, m, 4H 
cyclopentane), 1.25 (3H, 2t,V=7 Hz, C^CH 2 0). 
15 l3 C-NMR (CDCI3, 75 MHz): 5 14.5 (CH 3 CH 2 0), 24.5, 24,4 (2CH 2 cyclopent), 39.2, 38.9 
38.8, 38.4 (2CH 2 cyclopent), 40.6 (C-2>), 62.2, 62.1 (CH 3 CH 2 0), 66.2 (C^cyclopentane) 
66.6 (C-5'), 70.8 (C-3'), 85.7, 85.5 (C-F, C-4'), 110.2 (C-5b), 111.5 (C-5), 120.7, 1206 
Co', OP®, 125.6 (>', OPh), 129.7 (C-5a), 130.2 { >m>, OPh), 138.5, 138.3 (C-6), 149.7 (C- 
4), 1 50.9, 1 50.8 ( 'ipso ', OPh), 1 62.3 (C-2), 1 76.3 (COOCH 2 CH 3 ). 



Synthesis of (E)-5-(2-Bro m ovinyl)-2'-deox y uridine-5'-[phen y l-(benzoxy-a,a- 
cycIoleucinyI)]-phosphate (CPF 18). 
25 C 30 H 33 BrN 3 O 9 P, MW=690.48. 
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This was synthesised according to Standard procedure 5, using BVdU (200 mg, 0.6 
5 mmol), Phenyl-(benzyloxy-a ) a-cycloleucinyl)-phosphorochloridate (589 mg, 1.5 mmol), 
NMI (4.98 mmol, 332 uL) in THF (5 mL) for 10 hrs. The crude product was purified by 
column chromatography, eluting with CH 2 Cl 2 /Methanol 97:3 to give the pure product as a 
white foamy solid (127 mg, yield 31%). 
3, P-NMR (CDCI3, 121 MHz): 8 4.1 1, 4.01. 

10 'H-NMR (CDCI3, 300 MHz): 8 10.2 (1H, bs, H-3), 7.8-7.6 (1H, 2xs, H-6), 7.45-7.4 (1H, 
2d, V=14 Hz, H-5b), 7.40-7.10 (10H. m, OPh+CH^), 6.85 (1H, 2d, V=14 Hz, H-5a)! 
6.20 (1H, m, H-l'), 5.15 (1H, s, C^Ph), 4.4-4.2 (3H, m, H-3',H-4% N/f), 4.1 (2H, m, H- 
5'), 2.45-2.35 (1H, m, one of H-2'), 2.35-1.95 (5H, m, one of H-2'+4H cyclopentane), 
1 .95-1 .75 (4H, m, 4H cyclopentane). 

15 l3 C-NMR (CDCI3, 75 MHz): 8 24.4, 24,3, 24.2 (2CH 2 cyclopent), 39.9, 39.7 38.6, 38.5 
(2CH 2 cyclopent), 40.5 (C-2'), 66.2 (^cyclopentane), 66.5 (C-5'), 67.8 (CH 2 Ph),' 70.8 
70.7 (C-3'), 85.7, 85.6, 85.5, 85.4 (C-l >, C-4'), 1 10.2 (C-5b), 1 1 1.8, 1 18.7 (C-5b), 120.7,' 
120.5 Co', OPh), 125.7 (>•, OPh), 130.2, 129.0, 128.8, 128.7, 128.5 ('m' OPh, Bn, C-5a),' 
135.8('^o', CH 2 £/i) 138.4, 138:2 (C-6), 149.8 (C-4), 150.9, 150.8 {'ipso', OPh), 162 2 
20 (C-2), 175.7, 175.5 (COOBn). 



Synthesis of (E)-5-(2-Bromovinyl)-2'-deoxyuridi„e-5'-[p a ra-nitr 0 phenyI-(methox y . 
a,a-cycloleucinyl)]-phosphate (CPF 19). 
25 C 2 4H28BrN40„P, MW=659.38. 
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Tlus was synthesised according to Standard procedure 5, using BVdU (200 mg 0 60 
5 mmol), Para-nitrophenyl-( m ethox y -a,a-cycloleucinyl)-phosphorochloridate (543 mg 1 5 

mmol), NMI (4.98 mmol, 332 pL) i„ THF (5 mL ) for 2 hrs. THe crude productwas 

punfied by column chromatography, eluting with CH 2 Cl 2 /Methanol 97:3 to give the pure 

product as a white foamy solid (239 mg, yield 60%). 

31 P-NMR (CDCI3, 121 MHz): 5 3.73. 
10 'H-NMR (CDC, 3 ; 300 MHz): 5 10.5-10.2 (1H, hs, H-3), 8.35-8.25 (2H, 2d, >J=6 Hz Om 

7.8-7.75 (1H, 2xs, H-6), 7.47 (2H ,2d, ^6 Hz , OPh), 7.45-7.35 (1H, 2d, V=14 Hz H-5b) 

6.75-6.67 (1H, 2d, V=,4 Hz, H-5a), 6.30 (1H, 2t, V=6 Hz, HI >), 4.65-4.4 (3H, m, H-5' H- 
3'), 4.25-4.20 (1H, m, H-4'), 3.79 (3H, s, CH 3 0), 2.6-2.4 (1H, m, one of H-2') 2 3-1 98 
(5H, m, one of H-2' + 4H cyclopentane), 1.9-1.76 (4H, m, 4H cyclopentane) 
15 ,3 C-NMR (CDCb; 75 MHz): 8 24.4, 24,3, 24.2 (2CH 2 cyclopent), 39.2, 39 1 (2CH 2 
cyclopent), 40.5 (C-2>), 53.4, 53.3 (CH3O), 66.8 (^.cyclopentane), 67.1 (C-5') 70 9 (C 
3'), 86.1, 86.0, 85.5, 85.4 (C-F, C-4>), ,,0.2 (C-5b), , ,,.8 (C-5), 121.3, 121.2 (V, OPh) 
126.2 Cm\ OPH), 128.9 (C-5a), 138.6 (C-6), 144.9 ('ipso', OPh) 149.9 (C-4), 155 9 ,55 8 
(p',OPh), 162.3 (C-2), 176.3 (COOCH3). ' 

20 



S y »«he Sis of(E)- S -(2.Br. ra .vi ny , ) . 2 ,aeox y ur Wi „.5'.,para.„, t r„phe„ yl .(c,h.xy-a t a- 
cycloleucinyl)J-phosphate (CPF 20). 

C 2 sH3oBrN 3 0„P, MW=673.4. 

25 
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This was synthesis* according «„ SlanM prMedu „ s , using Bvd|J (20Q 

5 mmol), Para-ntoophenyHeftoxy-a.a-cyddeudnyD-phosphorochlorida.e (563 mg , 5 
mmol). NMI (4.98 mmol, 332 pL) in THF (5 mL) for , te . ^ ^ ^ ^ ^ 

by column chromatography, emting with CftCIVMethano, 97:3 to give .he pure product 
as a white foamy solid (240 mg, yield: 59%). 
"P-NMR (CDClj, 121 MHz): 5 3.83, 3.79. 

oh 73 oh ' 2 " 3y=H hz ' 685 «■ * «i 

H H1 ^ 4 - 7 " 4 - 45 (4H ' m > H-3*, NH), 4.2-4.05 (3H, m , H-4', C H 3 C^O), 2 . 55 . 
2.4 OH, n, one of H-2'), 2.2-1.95 (5H, m , one of H -2' + 4H cyclopentane), ,.95-1.8 (4H 
m, 4H cyclopentane), 1 .2 (3H, 2t, V=8 Hz, 0£CH 2 0). 

1 5 )3 C-NMR (CDC1 3 , 75 MHz): 8 14.9 (CH 3 CH 2 0) 24 5 24 4 r?r H , 

^"3«~*i 2 uj, 24.5, 24,4 (2CH 2 cyclopent), 39.1, 39.0, 

° ( 2CH 2 cyclopent), 40.7 (C-2'), 62 4 rCH,rF.,rY> 1 

v * z * ^«3Cli20), 66.5 (C^cyclopentane), 67.0 (C-5^ 

0.9 (C-3,, 85.9, 85.4 («•, C-4-), „0.2 «C-5h), ,,,.8 (C-5), ,21.3 (V, o», ,262 
£ ; «X 128.8(C-5a), ,38.5(0-6), H9 , (c . 4) , 

162.3 (C-2), 175.8, 175.7 (COOCH 2 CH 3 ). 



Sy„U,es, S ., ^5.(2.Bromov,„y 1 ).2.. d e„xy„ ri d I „e-5 Mp ,ra-„lero P he„y H1) e n20]ly . 
a,a-cycloleucinyl)]-phosphate (CPF 21). 
25 C 3 oH32BrN 4 0„P, MW=735.47. 
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This was synthesised according to Standard procedure 5, using BVdU (200 mg, 0.60 
5 mmol), para-nitrophenyl-Cbenzyloxy-a^-cycloleucinyD-phosphorochloridate (656 mg, 1 .5 
mmol), NMI (4.98 mmol, 332 pL) in THF (5 mL) for 3 hrs. The crude product was 
purified by column chromatography, eluting with CH 2 Cl 2 /Methanol 97:3 to give the pure 
product as a white foamy solid (269 mg, yield 61%). 
3I P-NMR (CDCI3, 121 MHz): 8 3.72. 

10 'H-NMR (CDC1 3 , 300 MHz): 8 10.3 (1H, bs, H-3), 8.22-8.12 (2H, 2d, V=7 Hz, 0£*), 7.65 
(1H, 2xs, H-6), 7.45-7.30 (8H, m, H-Sb+OPA+CH^), 6.72-6.65 (1H, 2d, V=14 Hz, H- 
5a), 6.28 (1H, 2t, 3 JM5Hz, H-l'), 5.15 (1H, d, C^Ph), 4.6-4.35 (4H, m, H-3', H-5\ H-4\ 
N/Q, 2.55-2.4 (1H, m, one of H-2'), 2.3-1.92 (5H, m, one of H-2'+4H cyclopentane),' 
1 .85-1 .6 (4H, m, 4H cyclopentane). 

15 I3 C-NMR (CDCI3, 75 MHz): 8 24.4, 24,3, 24.2 (2CH 2 cyclopent), 39.1, 38.9, 38.7 (2CH 2 
cyclopent), 40.5 (C-2'), 66.9 (^.cyclopentane), 67.1 (C-5'), 68.0 (CH 2 Ph), 70.9 (C-3') 
85.3, 85.0 (C-r, C-4'), 110.3 (C-5b), 111.8 (C-5), 121.2 (V, OPh), 126.1 (W, OPh), 
129.0, 128.8 (Bn, C-5a), 135.7 ('ipso', CH 2 Ph), 138.5 (C-6), 144.9 ('ipso', OPh), 149.9 
(C-4), 1 55.8 ( 'p ' OPh), 162.3 (C-2), 1 75.6 (COOBn). 

20 



Synthesis of (E)-5-(2-Bro m ovmyl)-2'-deoxyuridine-5'-[ P ara-fluoro P henyl-(methoxy- 
a,a-cycloleucinyl)J-phosphate (CPF 22). 
25 C 24 H 2 gBrFN 3 0 9 P, MW=632.37. 
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This was synthesised according to Standard procedure 5, using BVdU (200 mg, 0.60 
5 mmol), Para-fluorophenyHmethoxy-a,a.cycIoleucinyl).phosphoro C hl 0 ridate (503 mg, 1 5 
mmol), NMI (4.98 mmol, 332 pX) in THF (5 mL) for 2 hrs. The crude product was 
purified by column chromatography, eluting with CH 2 Cl 2 /Methanol 97:3 to give the pure 
product as a white foamy solid (25 1 mg, yield 66%). 
3, P-NMR (CDC1 3> 121 MHz): 5 4.22. 
10 'H-NMR (CDC1 3 ; 300 MHz): 5 10.3 (1H, bs, H-3), 7.70 (1H, 2xs, H-6), 7.4 (1H, 2d, 3 ^14 
Hz, H-5b), 7.25-7.15 (2H, m, OPh), 7.1-6.95 (2H, m, OPh), 6.70 (1H, 2d, V=14 Hz H-5a) 
6.30-6.15 (1H, 2t, ^5 Hz, HI'), 4.55-4.05 (5H, m, H-5> + H-3', NH, H-4'), 3.72 (3H, 2s' 
CH 3 0), 2.55-2.35 (1H, m, one of H-2'), 2.25-1.92 (5H, m, one of H-2' + 4H cyclopentane),' 
1 .85-1 .6 (4H, m, 4H cyclopentane). 

,3 C-NMR (DMSO; 75 MHz): 5 24.4, 24,3, 24.2 (2CH 2 cyclopent), 39.3, 39.2, 38.9, 38 5 
(2CH 2 cyclopent), 40.6 (C-2'), 53.3, 53.2 (CH3O), 66.5 (^.cyclopentane), 66 7 (C-5') 
70.9 (C-3'), 85.8, 85.7, 85.4 (C-V, C-4'), 110.2 (C-5b), 111.9 (C-5), 116.9, 116.6 fo ' 
OPh), 122,2, 122.0 (W, OPh), 128.5 (C-5a), 138.5 (C-6), 146.7 ('ipso ', OPh) 149.9(C-4)' 
158.5 (>', OPh), 162.3(C-2), 176.4, 176.3 (COOCH3). 



15 



20 



Synthesis of (E)-5-(2-Bromovi„ y l)-2'-deox y uridi n e-5'- lP ara-fluoro P hen y l-(ethox y - 
a,a-c y cloleucinyl)]-phosphate (CPF 23). 
25 C 25 H3oBrFN 3 09P, MW=646.4. 
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This was synthesised according to Standard procedure 5, using BVdU (200 mg, 0.60 
5 mmol), Para-fluorophenyl-(ethoxy-a,a-cycloleucinyl)-phosphorochloridate (524 mg, 1.5 
mmol), NM1 (4.98 mmol, 332 p.L) in THF (5 mL) for 2 hrs. The crude product' was 
purified by column chromatography, eluting with CH 2 Cl 2 /Methanol 97:3 to give the pure 
product as a white foamy solid (274 mg, yield 7 1 %). 
3, P-NMR (CDC1 3 , 121 MHz): 8 5.30. 

10 'H-NMR (CDCI3, 300 MHz): 5 10.35 (1H, bs, H-3), 7.7 (1H, 2xs, H-6), 7.44 (1H, 2d, 
V=14 Hz, H-5b), 7.25-7.15 (2H, m, OPh), 7.1-6.95 (2H, m, OPh), 6.7 (1H, 2d, 'JH4 Hz 
H-5a), 6.30 (1H, 2t, 3 J=6 Hz, HI '), 4.55,4.3 (3H, m, H-5', H-3'), 4.2-4.1 (4H, m, NH, H- 
4', CH 3 C/£0), 2.55-2.4 (1H, m, one of H-2'), 2.22-1.90 (5H, m, one of H-2'+4H 
cyclopentane), 1.8-1.6 (4H, m, 4H cyclopentane), 1.3-1.2 (3H, 2t, 3 ^7 Hz, Q£CH 2 0). 

15 ' 3 C-NMR (CDCI3, 75 MHz): 5 14.5 (CH 3 CH 2 0), 24.6, 24,4, 24.3 (2CH 2 cyclopent), 39.3, 
39.2, 38.9, 38.6 (2CH 2 cyclopent), 40.6 (C-2'), 62.2 (CH 3 CH 2 0), 66.5 (^.cyclopentane), 
66.7 (C-5'), 71.0 (C-3'), 85.8, 85.7, 85.5, 85.4 <C-1\ C-4'), 110.2 (C-5b), 111.9 (C-5),' 
116.9, 116.5 ('o', OPh), 122.2, 122.1 (W, OPh), 129.0 (C-5a), 138.5 (C-6), 146.8,146.7 
('ipso', OPh), 149.9 (C-4), 158.5 (>', OPh), 162.3 (C-2), 175.9, 175.8 (COOCH 2 CH 3 ) 

20 



Synthesis of (E)-5-(2-Bromovin y l)-2'-deox y urid«ne-5'-ipara-fluorophen y l-(benzox y - 
a,a-cycloleucinyl)]-phosphate (CPF 24). 
25 C 30 H 32 BrN 3 O 9 P, MW=708.47. 
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This was synthesised according to Standard procedure 5, using BVdU (200 mg, 0.60 
5 mmol), Para-fluorophenyl-(ben2yloxy-a,a.cycloleucinyl)-phosphorochloridate (616 mg, 
1.5 mmol), NMI (4.98 mmol, 332 pL) in THF (5 mL) for 2 hrs. The crude product was 
purified by column chromatography, eluting with CH 2 Cl 2 /Methanol 97:3 to give the pure 
product as a white foamy solid (283 mg, yield 67%). 
3, P-NMR (CDC1 3 , 121 MHz): 8 4.27. 

10 'H-NMR (CDCI3, 300 MHz): 5 10.3-9.85 (1H, bs, H-3), 7.65 (1H, 2xs, H-6), 7.45-7.35 
(1H, 2d, V=14 Hz, H-5b), 7.40-7.30 (5H. m, CU 2 Ph), 7.25-7.15 (2H, m, OPh), 7.05-6 95 
(2H, m, OPh), 6.71 (1H, 2d, V=14 Hz, H-5a), 6.27 (1H, 2t, V=6Hz, H-P), 5.15 (1H, s, 
C/£Ph), 4.45 (1H, m, H-3'), 4.40-4.30 (2H, m, H-5') 4.20-4.05 (2H, m, H-4', NH), 2.5-2.4 
(1H, m, one of H-2'), 2.25-1.9 (5H, m, one of H-2'+4H cyclopentane), 1.8-1.6 (4H, m, 4H 

15 cyclopentane). 

,3 C-NMR (CDCI3, 75 MHz): 5 24.5, 24,3, 24.2 (2CH 2 cyclopent), 39.7, 39.6, 39.3, 39.2 
(2CH 2 cyclopent), 40.5, 40.0 (C-2'), 66.6 (Ca_cyclopentane), 67.2, 66.7 (C-5')' 67 9 
(CH 2 Ph), 70.8, 70.7 (C-3'), 85.8, 85.7, 85.4, 85.3 (C-1', C-4'), 110.3 (C-5b), 111.8 (C-5), 
116.9, 116.6 (V, OPh), 122.2, 122.1 (W. OPh), 129.0, 128.9, 128.6, 128.5 (Bn, C-5a)' 
20 135.8(^0', CU 2 Ph) 138.5 (C-6), 146.8, 146.7 ('ipso', OPh), 149.9 (C-4), 158.5 (>' 
OPh), 1 62.2 (C-2), 1 75.7, 1 75.0 (COOBn). 



Synthesis of (E>5-(2-Bromovin y l)-2'-deox y uridine-5'-[p a ra-chlorophenyl-(methox y - 
a,a-cycloleucinyl)J-phosphate (CPF 32). 
25 C 24 H 28 BrClN 3 09P, MW=648.82. 
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This was synthesised according to Standard procedure 5, using BVdU (150 mg, 0 45 
mmol), Para-chIoroph e nyl-(methoxy-a ) a-cycloleucinyl)-phosphorochloridate (475 mg 
5 1.35 mmol), NMI (4.5 mmol, 300 uL) in THF (5 mL ) for 2 hrs. The crude product was 
punned by column chromatography, eluting with CH 2 Cl 2 /Methanol 97:3 to give the pure 
product as a white foamy solid ( 1 87 mg, yield 64%). 
31 P-NMR (MeOD, 121 MHz): 8 4.64. 

■H-NMR (MeOD; 300 MHz): 8 7.75 (1H, 2xs, H-6), 7.32 (1H, 2d, >J=14 Hz, H-5b) 7 32- 
10 7.27 (2H, m, OPh), 7.20-7 M 1 (2H, m, OPh), 6.72 (1H, 2d, >J=14 Hz, H-5a), 6.27-6.20 (,H 
2t, J=6 Hz, HI'), 4.35 (1H, m, H-3>), 4.30 (2H, m, H-5') 4.1 (2H, m, H-4>), 3.72 (3H 2s' 
CH 3 0), 2.32-2.20 (1H, m, one of H-2>), 2.20-1.92 (5H, m, one of H-2'+4H cyclopentane),' 
1 .8- 1 .6 (4H, m, 4H cyclopentane). 

"C-NMR (MeOD; 75 MHz): 8 25.7, 25.6 (2CH 2 cyclopent), 41.7, 41.6, 41.4, 41 3 (2CH 2 
15 cyclopent), 42.7 (C-2'), 54.1, 53.9 (CH3O), 67.8 (^.cyclopentane), 69.1, 69 0 (C-5') 73 8 
(C-3'), 88.4, 88.3, 88.2 (C-1*. C-4'), ,10.2 (C-5b), 111.8 (C-5), 122.1, 121.9 (V OPh) 
128.9 (C-5a), 130.6 (W. OPh), 130.8 (>', OPh), ,38.5 (C-6), 149.5, 149.4 C i P so[ OPh) 
149.9 (C-4), ,62.2(C-2), 175.6 (£OOCH 3 ). 



20 



Synthesis of (E^-BromovinyD-a'-deoxvuridine-S'-rpara-chlorophenyHethoxy- 
25 a,a-cycloleucinyl)]-phosphate (CPF 33). 
C 25 H3oBrClN 3 09P, MW=662.85. 
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This was synthesised according to Standard procedure 5, using BVdU (150 mg, 0.45 
mmol), Para-chlorophenyl-(ethoxy-a,a-cycloleucinyl)-phosphorochloridate (495 mg 1 35 
5 mmol), NMI (4.5 mmol, 300 uL) in THF (5 mL) for 2 hrs. The crude product was purified 
by column chromatography, eluting with CH 2 Cl 2 /Methanol 97:3 to give the pure product 
as a white foamy solid (240 mg, yield 66%). 
3, P-NMR (CDC1 3 , 121 MHz): 8 4.15. 

'H-NMR (CDCI3, 300 MHz): 8 10.25-10.1 (1H, bs, H-3), 7.65 (1H, 2xs, H-6), 7.4-7 3 (1H 
10 2d, V=14 Hz, H-5b), 7.25-7.20 (2H, m, OPh), 7.20-7.10 (2H, m, OPH), 6.75 (1H, 2d 
J=U Hz, H-5a), 6.20 (1H, m, HI'), 4.35 (3H, m, H-3', H-5'), 4.2-4.0 (4H, m, H-4', NH 
CH 3 C^O), 2.45-2.25 (1H, m, one of H-2'), 2.25-1.85 (5H, m, one of H-2' + 4H 
cyclopentane), 1.75-1.55 (4H, m, 4H cyclopentane), 1.2 (3H, 2t, V=7 Hz, C^CH 2 0) 
,3 C-NMR (CDCI3, 75 MHz): 8 14.5 (CHsCH.O), 24.5, 24,4 (2CH 2 cyclopent), 39.3, 39.2, 
15 38.8, 38.6 (2CH 2 cyclopent), 40.5 (C-2'), 62.3 (CH 3 CH 2 0), 66.1 (^cyclopentane), 66 7 
(C-5>), 70.8 (C-3>), 85.8, 85.4 (C-l>, C-4'), 110.3 (C-5b), 111.9 (C-5), 122.1, 121 9 (V 
OW, 129.0 (C-5a), 130.2 < W. OPh), 130.8 (>', OP*), 138.5 (C-6), 149.5, 149.4 ('ipso > 
OPK), 149.9 (C-4), 162.3 (C-2), 175.9 (COOCH 2 CH 3 ). 



20 



Synthesis of (E^-C^BromovinyD-l'-deoxyuridine-S'-fpara-chlorophenyKbenzoxy- 
25 a,a-cycloleucinyl)J-phosphate (CPF 34). 
C 3 oH32BrClN 3 09P, MW=724.92. 
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This was synthesised according to Standard procedure 5, using BVdU (150 mg, 0.45 
5 mmol), Para-cmorophenyl-Cbenzyloxy-a^-cycloleucinyO-phosphorochloridate (578 mg, 
1.35 mmol), NMI (4.5 mmol, 300 uL) in THF (5 mL) for 2 hrs. The crude product was 
purified by column chromatography, eluting with CH 2 Cl 2 /Methanol 97:3 to give the pure 
product as a white foamy solid (222 mg, yield 68%). 
3I P-NMR (CDCI3, 121 MHz): 8 4.1 1, 4.05. 
10 'H-NMR (CDCI3, 300 MHz): 8 7.65 (1H, 2xs, H-6), 7.45-7.29 (10H, m, H-5b 2H 
0^ + CH 2m 7.20-7.15 (2H, m, OPH), 6.75-6.67 (1H, 2d, V=14 Hz, H-5a), 6.28 (1H 2t 
7=6Hz, H-D, 5.15 (1H, 2s, C^Ph), 4.5 (1H, m, H-3'), 4.35 (2H, m, H-5>) 4.1 (H m' H- 
4'), 4.00 (1H, m, N£), 2.48-2.35 (1H, m, one of H-2'), 2.3-1.92 (5H, m, one of H-2'+4H 
cyclopentane), 1.8-1.6 (4H, m, 4H cyclopentane). 
15 ,3 C-NMR (CDCI3, 75 MHz): 8 24.5, 24.4, 24,3, 24.2 (2CH 2 cyclopent), 39.3, 38.8, 38 6 
(2CH 2 cyclopent), 40.5 (C-2>), 66.7 (^cyclopentane), 67.9 (CH 2 Ph), 68.4 (C-5') 70 7 (C 
3'), 85.7 , 85.7, 85.4, 85.3 (C-1% C-4'), 110.3 (C-5b), 111.8 (C-5), 122.0, 121 9 (V 
OW, 129.1, 128.3, 128.2 (Bn, < m >, OPh) , 130.2 (C-5a), 135.8 ('ipso' CH 2 /*), 136 3 (>' 
OPh), 138.2 (C-6), 149.5, 149.3 i>ipso\ Of*), 149.9 (C-4), 162.2 (C-2), 175 7 175 5 
20 (COOBn). ' 



Synthesis of (E)-5-(2-Bromovin y l)-2'-deox y uridme-5'- [p ara-trifl„orophe„ y l- 
(methoxy-a,a-cycloleucinyl)]-phosphate (CPF 28). 
25 CzsHaBrFjNaO^P, MW=682.38. 
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This was synthesised according to Standard procedure 5, using BVdU (150 mg 0 45 
5 mmol), Para-trifluorophenyl-(methoxy-a > a-cycloIeucinyl)-pho S phoroc W (52 i mg 

1-35 mmol), NMI (4.5 mmol, 300 uX) in THF (5 mL) for 2 hrs. The crude product was 
punfied by column chromatography, eluting with CH 2 Cl 2 /Methanol 97:3 to give the pure 
product as a white foamy solid ( 1 99 mg, yield 65%). 
3, P-NMR (CDC1 3 , 121 MHz): 5 3.80. 
10 'H-NMR (CDCI3; 300 MHz): 6 7.70 (1H, 2 S> H-6), 7.55 (1H, 2d, >J=U Hz, H-5h) 7 45- 
7.32 (4H, m, OPh), 6.72 (1H, 2d, V=14 Hz, H-5a), 6.28 (1H, 2t, V=6 Hz, HI '), 4 55 (1H 
m, H-3'), 4.45 (2H, m, H-5>), 4.25 (1H, H-4'), 4.15 (1H, NH), 3.71 (3H, 2s, CH3O), 2 6- 
2.4 (1H, m, one of H-2'), 2.3-1.9 (5H, m, one of H-2' + 4H cyclopentane), 1.85-1.6 (4H m 
4H cyclopentane). ' ' 

15 "C-NMR (CDC,,; 75 MHz): « 24.4, 24,3, 24.2 (2CH 2 cydopen,), 39.2, 39.!, 38.8, 38 6 
<2CH 2 cyclopent), 40.5 (C-2'), 53.9 (CH 3 0), 66.3 Oa.cyclopen.ane), 66.8 (C-5-) 70 9 (C 
3'), 85.8, 85.4 (C-r, C-4'), U0.3 (C-5b), U1.9 (C-5), 125.1 (d, ,=270Hz, CF 3 ) 127 1 
127.0 (V, Om, 127.8 (•„•, O/*), ,28.9 (C-5a), ,29.0 (>•, q , J= 32Hz, Of*,, ,38.5 (C- 
6), 149.9 (C-4), 1 53.5 ( -ipso % OPH), 1 62.2 (C-2), 1 76.3, 1 76.2 (£OOCH 3 ) 



Syo,he siS of (E). S -(2-Bro,nov,„y^2..deoxy„ridtae-5>-| P ar a .,rifl„„ro P heny..,e.hoxy- 
a,ct-cycloleucinyI)]-phosphate (CPF 29). 

25 C 2 6H3oBrF3N 3 09P, MW=696.40. 
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This was synthesised according to Standard procedure 5, using BVdU (150 mg, 0.45 
5 mmol), Para-trifluorophenyl-(ethoxy.a ) a-cycloleucin y l)-phosphorochloridate (540 mg, 
1.35 mmol), NMI (4.50 mmol, 300 »L) in THF (5 mL) for 2 hrs. The crude product was 
purified by column chromatography, eluting with CH 2 Cl 2 /Methanol 97:3 to give the pure 
product as a white foamy solid (1 85 mg, yield 59%). 
3, P-NMR (CDC1 3 , 121 MHz): 8 4.30. 
10 'H-NMR (CDCI3, 300 MHz): 5 10.35 (1H, bs, H-3), 7.70 (1H, 2xs, H-6), 7.40 (1H 2d 
V=14 Hz, H-5b), 7.28-7.14 (2H, m, OPh), 7.05-6.95 (2H, m, OP/,), 6.70 (1H, 2d, V=14 
Hz, H-5a), 6.3 (1H, m, HI'), 4.55-4.3 (3H, m, H-5\ H-3'), 4.2-4.1 (3H, m, H-4' 
CH 3 C/£0), 2.5-2.35 (1H, m, one of H-2'), 2.20-1.9 (5H, m, one of H-2'+4H 
cyclopentane), 1.85-1.6 (4H, m, 4H cyclopentane), 1.25 (3H, 2t, V=7 Hz, Q£CH 2 0) 
15 "C-NMR (CDCI3, 75 MHz): 8 14.5 (CH 3 CH 2 0), 24.5, 24,4 (2CH 2 cyclopent), 39.3, 39.2 
38.9, 38.5 (2CH 2 cyclopent), 40.6 (C-2>), 62.2 (CH 3 CH 2 0), 66.7 (GjLcyclopentane), 67 4 
67.3 (C-5'), 70.9 (C-3>), 85.8, 85.7 (CI', C-4'), 110.2 (C-5b), 111.9 (C-5), 116.8, 1165 
Co', OPh), 122.2, 122.1 (> m >, OPh), 125.1 (d, J=270Hz, CF 3 ), 129.0 (C-5a), 131.1 (>' q 
J=32Hz, OPh), 138.5 (C-6), 146.8, 146.7 ( W , OPh), 149.9 (C-4), 162.3 (C-2)' 
20 175.9,175.8 (COOCH 2 CH 3 ). 



Synthesis of (E)-5-(2-Bromovi„ y !).2'-deoxyuridine-5'-|par a - t rifl„orophenyl- 
(benzoxy-a,a-cycloleucinyl)]-phosphate (CPF 30). 
25 C 3 ,H 32 BrF 3 N 3 0 9 P, MW=758.47. 




This was synthesised according to Standard procedure 5, using BVdU (150 mg, 0.45 
5 mmol), Para-trifluorophenyl-(ben2yloxy-a,a.cycloleu C inyl)-phosphorochloridate (623 mg 
1.35 mmol), NMI (4.5 mmol, 300 pL) in THF (5 mL) for 2 hrs. The crude product was 
purified by column chromatography, eluting with CH 2 Cl 2 /Methanol 97:3 to give the pure 
product as a white foamy solid (2 1 8 mg, yield 64%). 
3, P-NMR (CDC1 3 , 121 MHz): 8 4.30. 
10 'H-NMR (CDCI3, 300 MHz): 5 10.35 (1H, bs, H-3), 7.65 (1H, 2xs, H-6), 7.55 (2H m 2H 
Om 7.45-7.25 (8H. m, 2H OPh + CH 2Eh+ H-5b), 6.7 (1H, 2d, V=14 Hz, H-5a), 6.30 0 H 
2t, y-6Hz, H-l '), 5.15 (1H, 2s, Q&Ph), 4.55-4.35 (3H, m, H-3'+ H-5'), 4.25 (1H H-4') 
4.10 (1H, NH), 2.55-2.35 (1H, m, one of H-2'), 2.30-1.92 (5H, m, one of H-2' + 4H 
cyclopentane), 1.8-1.6 (4H, m, 4H cyclopentane). 
15 13 C-NMR (CDCI3, 75 MHz): 5 25.5, 24.4, 24,3, 24.2 (2CH 2 cyclopent), 39.2,39.1, 38 7 
38.6 (2CH 2 cyclopent), 40.5, 40.0 (C-2'), 66.4 (^.cyclopentane), 66.8 (C-5') 68 0 
(CH 2 Ph), 70.9 (C-3'), 86.0, 85.8, 85.4, 85.3 (C-l>, C-4'), 1 10.3 (C-5b), 1 1 1.9 (C-5) 121 8 
120.8 (<o, m >, Om, 125.2 (d, J=270Hz, CF 3 ), 128.5, 127.7, 127.5 (B„, C-5a), 129,2 
, J=32Hz, Om, 135.4 ('ipso', CH 2 £A), 138.5 (C-6), 149.9 (C-4), 153.5 {'ipso' OPh) 
20 162.2 (C-2), 175.6,175.5 (COOBn). 



Synthesis of (E)-5-(2-Bro m ovi„ y .)-2'-deox y urid i „e- 5 >- I phe„ y I-( 1 „ethoxy-L- 
phenylalaninyl)]-phosphate (CPF 36). 
25 CzT^BrNjOjP, MW=650.41. 
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This was synthesised according to Standard procedure 5, using BVdU (150 mg, 0 45 
5 mmol), Phenyl-(methoxy-L-phenylalaninyl).phosphorochloridate (477 mg, 1.35 mmol) 
NMI (4.42 mmol, 190 uL) in THF (5 mL) for 2 hrs. The crude product was purified by 
column chromatography, eluting with CH 2 C1 2 /Methanol 97:3 to give the pure product as a 
white foamy solid (169 mg, yield 58%). 
3, P-NMR (CDCI3, 121 MHz): 5 4.79, 4.71. 
10 'H-NMR (CDC1 3 ; 300 MHz): 5 9.95 (1H, bs, H-3), 7.60-7.55 (1H, 2xs, H-6), 7.48-7.4 (1H 
2d, V=14 Hz, H-5b), 7.3-7.1 (10H, m, CH 2 Ph + OPh), 6.75-6.65 (1H, 2d, V=14 Hz H-5a)' 
6.27-6.18 (1H, m, HI'), 4.57-4.29 (6H, m, H-5',H-3',H-4% NH, CHphenylala), 3.70 (3H 
2s, CH3O), 3.01 (2H, m, CH 2 Ph), 2.35-2.20 (1H, m, one of H-2'), 2.07-1.95 (1H, m, one of 
H-2'). 

15 ,3 C-NMR (CDCI3; 75 MHz): 8 36.3 (CH 2 phenyl alanine), 41.9, 41.8 (C-2'), 53.0 (CH3O) 
56.6, 56.1 (CHphenylala), 67.1 (C-5'), 71.3, 70.7 (C-3'), 85.7, 85.6, 85.5, 85.4 (C-l> C- 
4'), HO.4 (C-5b), 111.9 (C-5), 120.6,120.5 (•„', OPh), 127.8 (>', O^, 130.1 129 9 
129.8, 129.1 (CH 2 Ph, C-5a, 'm ' OPA), 138.0, 137.9(C-6), 149.8 (C-4), 150.7,150.6(^0'' 
OPh), 1 62. 1 , 1 62.0 (C-2), 1 73.5 (COOCH 3 ). 

20 



Synthesis of (E)-5-(2-Bromovin y l).2'-d e ox y uridi„e-5'- [p he„ y i.( m ethoxy.L-leucin y l)]. 
phosphate (CPF 35). 

C 2 4H 31 BrN 3 09P, MW=616.40. 

25 
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This was synthesised according to Standard procedure 5, using BVdU (150 mg, 0.45 
5 mmol), Phenyl-(methoxy-L-leucinyl)-phosphorochloridate (432 mg, 1.35 mmol), NMI 
(4.42 mmol, 190 uL) in THF (5 raL) for 2 hrs. The crude product was purified by column 
chromatography, eluting with CH 2 Cl 2 /Methanol 97:3 to give the pure product as a white 
foamy solid (167 mg, yield 60%). 
"P-NMR (CDC1 3 , 121 MHz): 8 5.14, 4.60. 

10 *H-NMR (CDC1 3 ; 300 MHz): 8 10.1 (1H, bs, H-3), 7.75 (1H, 2xs, H-6), 7.45 (1H, 2d, 
3 J=14 Hz, H-5b), 7.4-7.2 (5H, m, OPh), 6.85 (1H, 2d, 3 ^=14 Hz, H-5a), 6.27-6.18 (1H, 2t[ 
V=6 Hz, HI'), 4.5-4.2 (4H, m, H-5',H-3', NH), 4.1 (1H, m,H-4'), 3.95 (1H, m, 
C//CH 2 CH(CH 3 )2), 3.70 (3H, 2s, CH 3 0), 2.40-2.20 (1H, m, one of H-2'), 2.05-1.95 (1H,' 
m, one of H-2'), 1.8 (1H, m, CHCH 2 C//(CH 3 ) 2 ), 1.8-1.5 (2H, m, CHC// 2 CH(CH 3 ) 2 ), 1.0- 

15 0.9 (6H, m, CHCH 2 CH(C// 3 ; 2 ). 

,3 C-NMR (CDC1 3 ; 75 MHz): 8 23.2, 23.1, 22.0, 21.9 (2C, CHCH 2 CH(Ci/ 3 ; 2 ), 24.9, 24.7 
(CHCH 2 CH(CH 3 ) 2 ), 40.6 (C-2'), 43.7, 43.6 (CHC/f 2 CH(CH 3 ) 2 ), 53.0 (CH 3 0), 53.7, 53.6 
(C//CH 2 Ctf(CH 3 ) 2 ), 66.6, 66.3 (C-5'), 71.1, 70.8 (C-3'), 86.0, 85.7, 85.6, 85.5 (C-l\ C- 
4'), 110.4 (C-5b), 111.9 (C-5), 120.6, 120.5, 120.4 (V, OPh), 125.8, 125.7 (>', OPh), 
20 128.9 (C-5a), 1 30.2 ( m ' OPh), 138.1 (C-6), 149.9 (CM), 150.8, 1 50.7 ( 'ipso OPtt), 162.2 
(C-2), 175.1, 174.9 (COOCH 3 ). 

Synthesis of (E)-5-(2-Bromovinyl).2'-deoxyuridine-5'-| P hen y l-(benzo X y-L-leucin y l)J- 
phosphate (CPF 37). 

C 3 oH 35 BrN 3 0 9 P, MW=692.49. 
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This was synthesised according to Standard procedure 5, using BVdU (150 mg 0 45 
5 mmol), Phenyl-(ben 2 oxy-L-leucinyl)-phosphorochloridate (534 mg, 1.35 mmol) ' NMI 
(4.42 mmol, 190 pL) in THF (5 mL) for 2 hrs. The crude product was purified by column 
chromatography, eluting with CH 2 Cl 2 /Methanol 97:3 to give the pure product as a white 
foamy solid (199 mg, yield 64%). 
31 P-NMR (CDCI3, 121 MHz): 5 5.18, 4.54. 
10 'H-NMR (CDCI3; 300 MHz): 5 9.95-9.85 (1H, bs, H-3), 7.55 (1H, 2xs, H-6), 7.38 (1H 2d 
J=14 Hz, H-5b), 7.3-7.1 (5H, m, CH 2 Ph + OPh), 6.65 (1H, 2d, V=14 Hz, H-5a), 6 26-6 14 
(1H, 2t, ^6 Hz, HI'), 5.1 (2H, 2s, CH 2 Ph) 4.4-3.8 (6H, m, H-5',H-3», NH H-4' 
C/fCH 2 CH(CH 3)2 ), 2.35-2.25 (1H, m, one of H-2'), 1.95-1.85 (1H, m, one of H-2') 1 6- 
1 .4 (3H, m, CHC// 2 C#(CH 3 ) 2 ), 0.8 (6H, m, CHCH 2 CH(C// 3 ; 2 ). 
15 "C-NMR (CDCI3; 75 MHz): 8 23.2, 23.1, 22.0, 21.9 (2C, CHCH 2 CH(C//3, 2 ), 24 9 24 7 
(CHCH 2 CH(CH 3 ) 2 ), 40.7 (C-2*), 43.9, 43.8 (CHC/7 2 CH(CH 3 ) 2 ), 53 9 ' 53 7 
(C//CH 2 CH(CH 3)2 ), 66.4, 66.2 (C-5>), 67.8 ,67.7 (C// 2 Ph), 71.1, 70.7 (C-3'), 85 9 85 6 
85.4, 85.3 (C-1', C-4'), 110.4 (C-5b), 111.9 (C-5), 120.6, 120.5 Co', OPh), 125 8 'l25 7 
CP>, OPh), ,30.2, 129.1, 128.9 (C-5a, CH 2 T> h , >„■ OPh), 135.4 ('ipso', CH 2 Ph), ,38 1 (C- 
20 6), ,49.8 (C-4), ,50.2 ('ipso', OPh), ,62., (C-2), ,75.7, ,74.6 (COOBn). 

Synthesis of (E)-5-(2-Bro m ovi„ y ,)-2'-deox y uridine-5'-Ipara-„itrophe„y,-(be n zox y -L. 
leucinyl)]-phosphate (CPF 38). 

C 3 oH34BrN 4 0„P, MW=737.49. 

25 
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This was synthesised according to Standard procedure 5, using BVdU (150 mg, 0.45 
5 mmol), para-nitrophenyl-(benzoxy-L-leucinyl)-phosphorochloridate (595 mg, 1 .35 mmol), 
NMI (4.42 mmol, 190 u,L) in THF (5 mL) for 2 hrs. The crude product was purified by 
column chromatography, eluting with CH 2 Cl 2 /Methanol 97:3 to give the pure product as a 
white foamy solid (176 mg, yield 53%). 
3, P-NMR (CDC1 3 , 121 MHz): 5 5.72, 4.35. 

10 'H-NMR (CDCI3; 300 MHz): 5 10.2 (1H, bs, H-3), 8.1(2H, m, 2H OP/,), 7.65 (1H, 2xs, H- 
6), 7.45-7.2 (8H, m, H-5b, CH 2 Ph+ 2H OPh), 6.65 (1H, 2d, V=14 Hz, H-5a), 6.35-6.2 (1H, 
2t, V=6 Hz, HI'), 5.15 (2H, 2s, CH 2 Ph) 4.7-3.9 (6H, m, H-5',H-3', NH, H-4'' 
CT/CH^CHa).), 2.55-2.4 (1H, m, one of H-2'), 2.15-2.05 (1H, m, one of H-2'),1.7-1.5 
(3H, m, CHCH 2 C//(CH 3 ) 2 ), 0.95-0.8 (6H, m, CHCH 2 CH(C// 3 ; 2 ). 

15 I3 C-NMR (CDCI3; 75 MHz): 8 23.2, 23.1, 22.0, 21.9 (2C, CHCH 2 CH(C/^), 24.9, 24.8 
(CHCH 2 CH(CH 3 ) 2 ), 40.6 (C-2'), 43.7, 43.6 (CHCH 2 CH(CH 3 h), 53.9, 53.7 
(C//CH 2 CH(CH 3 ) 2 ), 66.9 (C-5'), 67.9 (C// 2 Ph), 71.2, 70.8 (C-3'), 85.8, 85.3, 85.2 (C-l' 
C-4'), 110.6 (C-5b), 111.9 (C-5), 121.3 ( V, OPh), 129.2, 129.1, 128.8, 126.2 (C-5a' 
CH 2 Ph, -m'OPh), 135.4, 135.3 ('ipso', CH^), 138.2 (C-6), 145.2, 145.1 ('ipso', OPh) 
20 149.9 (C-4), 155.5 (>', OPh), 162.1 (C-2), 174.2 (COOBn). 



Synthesis of (E)-5-(2-Bromovinyl)-2'-deoxyuridme-5'-[para-chlorophenyl-(benzoxy- 
L-leucinyl)]-phosphate (CPF 39). 

C 3 oH34BrClN 3 09P, MW=726.94. 

25 
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Tins was synthesis according ,„ Standard procure S, using BVdU (150 mg 0 45 
5 mmo,), Para-ch.orophanyl-O.enaoxy-L-lencinyD-phosphorochloridate (581 mg ' , 35 
mmol), NMI (4.42 mmo,, .90 jtL) in THF (5 mL) for 2 hrs. The crude product was 
punned by column cholegraphy, eluling with CH 2 C, 2 /Methanol 97:3 to give the pure 
product as a white foamy solid (221 mg, yield 68%). 
3I P-NMR (CDCIj, 121 MHz): 8 S.27, 4.76. 
10 'H-NMR (CDC l3 ; 300 MHz): 5 ,0.25-,0.,5 (1H, bs, H-3), 7.65 (I H, 2xs, H-6) 7 45 (1H 
2d, M4 Hz, H-5b), 7.4-7..S (9H, m, CH 2 Ph + OP®, 6.7 (1H, 2d, V=,4 Hz, H-5a), 6 35- 
6.2 (1H, 2X, J-6 Hz, HI'), 5.15 (2H, 2s, CH 2 Ph) 4.55-3.9 (6H, m, H-5', H-3', NH H-4' 
C W CH 2 CH(CH ))2 ), 2.5-2.4 (,H, m, one of H-2'), 2..5-2.0 (,H, m, one of H-2') , '7., 45' 
(3H, m, CHCH^CHjfe), 0.94-0.82 (6H, m, CHCH 2 CH(OTj) 2 ) 
.5 "CMMR (CDC1 3; 75 MHz): 5 23.1, 23.0, 22.2, 22.0 (2C, CHCH 2 CH<0%), 24 9 24 7 
(CHCH 2OT (C^), 40.7 (C-2-), 43.9, 43.8 (CH OT2 CH(CH,) 2 ), 53.9,' ' 53 7 
(CHCH 2 CH(CH 5)2 ), 66.7, 66.3 (C-5-), 67.8 (C/, 2 Ph), 71.1, 70.7 (C-3'), 85.8 85 7 85 4 
(C-r.C-4-), 110.5 (C-5b), „1.9(C-5), ,22.,, .22.0( V,o m ,30.2, ,29.,, ,29.0(C-5a 
06Ph, 'm ' OPHX ,3,.,, ,30.9 W , 0£», ,35.5, ,35.4 ( W , CH^, ,38.2 (C-6)' 
20 ,49.2, ,49., ( ,ps 0 ; OPH), ,49.2, ,49., (C-4), ,62.2 (C-2), ,74.2, ,74.2 (COOBn) 
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Synthesis of Gemcitabine-[phenyl-(benzoxy-L-alaninyl)J-phosphate. 
C 2 5H27F 2 N 4 0 8 P, MW=580.47 (CPF 31). 




This was synthesised according to Standard procedure 5, using gemcitabine (131 mg, 0.5 
mmol), Phenyl-(benzoxy-L-alaninyl)-phosphorochloridate (529 mg, 1.5 mmol), NMI (4.42 
mmol, 300 uL) in THF/ Py ridine (4/2 mL) for 2 hrs. The crude product was purified by 
column chromatography, eluting with CH 2 Cl 2 /Methanol 95:5 to give the pure product as a 
10 white foamy solid (46 mg, yield 16%). 
3, P-NMR (MeOD, 121 MHz): 8 5.05, 4.94. 

'H-NMR (MeOD, 300 MHz): 8 7.6-7.5 (1H, 2d, 3 ^7Hz H-6), 7.4-7.2 (10H m 
OPh+CH 2 Ph), 6.25 (1H, m, H-l>), 5.95 (1H, 2d, V=7Hz, H-5), 5.19 (1H, 2s, Q£Ph)' 
4.55-4.1(3H, m, H-3>, H-4\ CHala), 4.05 (2H, m, H-5'), 1.20 (3H, 2t, V=6 Hz, CH 3 ala) 
15 « 3 C-NMR (MeOD, 75 MHz): 8 20.8, 20.7 (CH 3 ala), 52.2, 52.0 (CHala), 66.1 (C-5'), 68 4 
(CH 2 Ph), 71.9, 71.3 (C-3'), 80.6 (C-4'), 85.9 (CI'), 97.1 (C-5), 121.8, 121.6 (<o', OPh), 
123 (C-2>), 126.2 CP', OPh), 131.8, 130.0, 129.7 (WOPh, Bn), 137.9(^o', CH 2 £A),' 
142.7, 142.6 (C-6), 152.5, 152.4 ('ipso', OPh), 158.2 (C-2), 168.0 (C-4), 175 3 174 9 
(COOBn). 

20 



25 
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Syn tt >« si sofGem. i ,abI ne . [ para^.„ r .p h e n y|.(be K „^ala„i« y0 ,.p h<>sphate 
C K H M C1F2N40,P, MW=614.92 (CPF40). 




Th,s was synthesis* according ,„ S.an.ar, precede 5, using gemcitabine (,3, mg 0 5 
mmo, ^o^y^ xy .^ nyiyMio ^ tt (582 j s ^ 

< 4 ' 42 —* *» MD in THF/pyridine (4/2 mL) for 2 hrs. The crude product was 
penned by column chromatography, during with CH,Cl 2 /Memano. 95:5 ,„ give the pure 
10 product as a white foamy solid (76 mg, yield 25%). 
"P-NMR (MeOD, 121 MHz): 8 5.08. 

'H-NMR (MeOD, 300 MHz): 6 7.65 (,H, 2d, ^7Hz H-6), 7.5-7.2 (9H. m, 072+CH^ 
^ OH, m, H-,-), 5.9 (.H, 2d, ^7Hz, H-5), 5.,2 (,H, 2s, C & Ph), 4.6-4., (3H m «7 
H-4-, CHala), 4.05 (2H, m, H-5-), ,.45-,.35 (3H, 2t, V=6 Hz, C Hj ala) 
15 C-NMR (MeOD, 75 MHz): 5 20.9, 20.7 (CH 3 ala), 52.2, 52.0 (fiHala), 66.4, 66 2 (C-5-) 
68.5 (£H 2 P h) , 71 .5 (C-3-), 80.7 (C-4'), 86.4 (Or), 97.2 (C-5), ,23.5 (V, <**, ,26 9 

.42.7 (C-6), ,5,.4, ,5,.0(W, 0£4 ), ,58.2,0-2), ,66.9(C-4), ,75.,, , 74.9 (COOBn). 

20 



25 
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Synthesis of Gemcitabine-[para-chlorophenyI-(benzoxy.a,a-dimethylglycinyl)J. 
phosphate (CPF 41). 

C 2 6H M C1F 2 N 4 08P, MW=628.95. 




This was synthesised according to Standard procedure 5, using gemcitabine (131 mg, 0.5 
mmol), Para-chlorophen y l-(ben 2 ox y -a,a-dimeth y lglycinyl)-phosphorochloridate (603 mg, 
1.5 mmol), NMI (4.42 mmol, 300 uL) in THF/pyridine (4/3 mL) for 2 hrs. The crude 
10 product was purified by column chromatography, eluting with CH 2 Cl 2 /Methanol 95:5 to 
give the pure product as a white foamy solid (163 mg, yield 52%). 
31 P-NMR (MeOD, 121 MHz): 6 3.56, 3.52. 

'H-NMR (MeOD, 300 MHz): 6 7.55 (1H, 2d, V=7Hz, H-6), 7.4-7.15 (9H m 
OPh+CH 2 Ph), 6.25 (1H, m, H-l'), 5.85 (1H, 2d, V=7Hz, H-5), 5.15 (1H, 2s, C/£Ph)' 

15 4.55-4.1(3H, m, H-3', H-4'), 4.05 (2H, m, H-5'), 1 .50 (6H, m, V=6 Hz, 2CH 3 dimethygly). 
13 C-NMR (MeOD, 75 MHz): 8 28.2, 28.0 (CH 3 dimethygly), 58.6 (Cq dimethygly), 66.2, 
66.1 (C-5'), 66.7 (CH 2 Ph), 71.5 (C-3'), 80.6 (C-4'), 86.4 (C-l'), 97.0 (C-5), 123.9, 123 6 
Co', OP*), 127.3 (C-2'), 130.0, 129.7 ('„' OPh, Bn), 131.8 (>>, OPh), 137.6 ['ipso', 
CH^h), 142.8, 142.7 (C-6), 151.2, 151.1 ('ipso', OPh), 158.1 (C-2), 167.9 (C-4), 176 8 

20 176.7 (COOBn). 
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Synthesis of PI»enyKmethoxy-L-aIaiiuiyl>phosphorochloridate. 
Ci 0 H,3CINO 4 P, MW=277.64. 



5 



This ,s synthesised according to Standard procedure 4, using L-alanine methyl ester 
hydrochloride (2 g, 14.3 mmol), phenyldichlorophosphate (3.02 g, 2.14 ml, 14.3 mmol) 
10 and TEA (2.9 g, 4.0 ml, 28.7 mmol) in DCM (60 mL), to yield 3.91 g (98%) of crude 
product used without further purification. 
3, P-NMR (CDC1 3 , 121 MHz): 5 9.28, 8.97. 

'H-NMR (CDCI3; 300 MHz): 8 7.39-7.34 (2H, m ,'0' OPh), 7.29-7.20 (2H, m >m + p' 
OPh) 4.98 (1H, bs, Nffl, 4.27-4.09 (1H, m, CHala), 3.78 (3H, s, OC^, 1.52-1 49 (3H 
15 2xd, V=7Hz, C//,ala). 

,3 C-NMR (CDC1 3 ; 75 MHz): 5 20.9 (CH 3 ala), 51.0 (CHala), 53.6 ( OCH 3 ), 1209 ( V 
OPh), 126.4 (>', OPh), 130.2 ('«', OPh), 150.1 ('ipso', OPh), 173.6( COOCH3). 

20 Synthesis of Phenyl-(ethoxy-L-al a ninyl)-phosphorochIoridate. 
CnH,5CIN0 4 P, MW=291.67. 

NH 

o 

25 This is synthesised according to Standard procedure 4, using L-alanine ethyl ester 
hydrochlonde (770 mg, 5.01 mmol), phenyldichlorophosphate (1.12g, 5.01 mmol, 749 
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HL), and TEA (1.4 mL, 10.02 mmol) in DCM (40 mL). The crude was purified by flash 
chromatography (ethyl acetate/petroleum ether 7:3) affording 1.02 (69%) of oil. 
3 'P-NMR (CDC1 3 , 121 MHz): 8 9.49, 9.07. 

'H-NMR (CDC1 3 ; 300 MHz): 8 7.39-7.34 (2H, m,V OPh), 7.29-7.20 (2H, m, > m+p > 
5 OPh), 4.95 (1H, bs, N/0, 4.3-4.1 (3H, m , OC/fcCH 3 , CHala), 1.50 (3H, 2xd, V=7H Z 
C£,ala), 1 .30 ( 3H, t, V=7. 1 Hz, OCH 2 CH 3 ). 

13 C-NMR (CDCI3; 75 MHz): 5 14.5 (CH 3 CH 2 ), 20.9 (CH 3 ala), 51.0 (CHala), 62 6 
CH 3 CH 2 ), 120.9 ( VOPh), 126.5 (>', OPh), 130.1 C m', OPh), 150.1 ( ipso', OPh), ,75 1 
(COOCH 2 CH 3 ). 



10 



Synthesis of PbenyKbenzoxy-L-alaninyO-phosphorochloridate. 
C 16 H,7C1N0 4 P, MW= 353.74. 



15 



Bnc Y^ 



This is synthesised according to Standard procedure 4, using L-alanine benzyl ester 
hydrochloride (1.0 g, 4.64 mmol), phenyl-dichlorophosphate (980 mg, 0 69 ml 4 64 
mmol), and TEA (0.94 g, ,290 uL, 9.27 mmol) in DCM (40 mL). The crude was purified 
by flash chromatography (ethyl acetate/petroleum ether 6:4) affording 1 .61 (98%) of oil 

20 3, P-NMR(CDC1 3 , 121 MHz): 6 9.41, 9.23. 

'H-NMR (CDC1 3 ; 300 MHz): 8 7.41-7.21 (10H, m, OPh + CH 2 Ph), 5.24 (2H, s, C/fcPh) 
4.95-4.88 (1H, bs, N£), 4.36-4.15 (1H, m, CHala), 1 .52-1.49 (3H, 2xd, l/=7H Z , C/fcala) ' 
C-NMR (CDC1 3 ; 75 MHz): 8 20.8 (CH 3 ala), 51.1 (CHala), 68.0 (CH 2 Ph), 121 _ 0 (V 
OPh), 126.4 (>', OPh), 130.3, 129,0, 128.7 (WOPh, Crl 2 Ph), 135.5 ('ipso', CH 2 Ph) 

25 1 50.2 ( 'ipso ', OPh), 1 72.9 ( COOCH 2 Ph). 



Synthesis of p-nitrophenyHmethoxy-L-alaninyD-phosphorochloridate. 
QoHnClNjOsP, MW=322.64. 



WO 2005/012327 



75 



PCT/GB2004/003148 



O2N— ^ p— 0-lj>— CI 
NH 



o 

This is synthesised according to Standard procedure 4, using L-alanine methyl ester 
5 hydrochloride (0.70 g, 5.01 mmol), P -nitrophenyldichlorophosphate (1.362 g, 5.01 mmol) 
and TEA (1.4 ml, 10 mmol) in DCM (40 ml), to yield 1.60 g (99%) of crude product used' 
without further purification. 
3, P-NMR (CDCI3, 121 MHz): 8 9.13, 9.03. 

'H-NMR (CDCI3; 300 MHz): 5 8.1 (2H, 2d, V=8Hz, OPh), 7.3 (2H, 2d, ^8Hz, OPh) 5 0 
10 (1H, bs, N£), 4.1 (1H, m, CHala), 3.75 (3H, s, OC^), 1.5-1.45 (3H, m, C^ala). 

13 C-NMR (CDCI3; 75 MHz): 6 20.8, 20.7 (CH 3 ala), 51.1, 50.9 (CHala), 53.2, 53.2 (OCH3) 
121.8, 121.6 Co' OPh), 126.5 (W, OPh), 145.7 {'ipso', OPh), 154.7, 154.6 (>' OPh)' 
173.4, 173.2 (COOCH3). 



15 



Synthesis of P-nitrophenyI-(ethoxy-L-alanin y l)-phosphorochloridate. 
C,,H, 4 C1N 2 0 6 P, MW=336.67. 



=\ I? 



1 

NH 



o 

20 

This is synthesised according to Standard procedure 4, using L-alanine ethyl ester 
hydrochloride (770 mg, 5.01 mmol), p-nitrophenyldichlorophosphate (1.362g, 5.01 mmol) 
and TEA (1.4 mL, 10.02 mmol) in DCM (40 mL), to yield 1.64 g (98%) of crude produci 
used without further purification. 
25 3I P-NMR (CDCI3, 121 MHz): 5 9.06, 8.81 . 



WO 2005/012327 

PCT/GB2004/003148 

76 

■H-NMR (CDC1 3 ; 300 MHz): 5 8.1 (2H, m, OPA), 7.4 (2H, m, OPA), 4.9-4.7 (1H, bs, N#) 
4.3-4.1 (3H, m, OC/£CH 3 , CHala), 1.55-1.45 (3H, 2xd, V=7Hz, C/fcala), 1.40 (3H t' 
V=7Hz, OCH 2 C£0. 

"C-NMR (CDCI3; 75 MHz): 8 14.5 (CH 3 CH 2 ), 21.1, 20.9 (CH 3 ala), 51.2, 51.0 (CHala) 
62.6 CH 3 CH 2 ), 121.7, 121.3 ( V OPh), 126.2, 126.0 («»,', OPh), 145.7 (',>*>', OPh) 154 5 
CP', OPh), 173.4, 173.3 (COOCH 2 CH 3 ). 



Synthesis of p-nitrophenyl-(benzoxy-L-al an inyl)-phosphorochloridate. 
10 C, 6 H, 6 C1N 2 0 6 P, MW= 398.04. 



0 2 N O— CI 

""""" NH 



This is synthesised according to SWarrf ^c^„r, 4, using L-alanine benzyl ester 
15 hydrochloride (1.08 g, 5.01 mmol), para-nitrophenyl-dichloro phosphate (1.362 g, 5.01 
mmol), and TEA (1.4 mL, 1.4 mmol) in DCM (40 mL), to yield 1.85 g (93%) of crude 
product used without further purification. 
31 P-NMR (CDC1 3 , 121 MHz): 8 9.15, 9.06. 

'H-NMR (CDC1 3 ; 300 MHz): 8 8.15 (2H, m , OPh), 7.45 (2H ,m ,0£A), 7.35-7.25 (5H m 
20 CH 2 Ph), 5.2 (2H, 2s, C&Ph), 5.00 (1H, bs, N//), 4.2 (1H, m , CHala), 1.64 (3H 2xd' 
V=7Hz, C/£ala). 

,3 C-NMR (CDC1 3 ; 75 MHz): 8 20.8 (CH 3 ala), 51.1 (CHala), 68.0 (CH 2 Ph), 121.4 (V 
OPh), 126.1 (« w <OPh), 130.3, 129.0 (CH 2 ^), 145.7 ('ipso', CH 2 Ph), 150.2 Opso', OPh) 
154.6 (>', OPh), 172.9 (COOCH 2 Ph). 

25 

Synthesis of p-fluorophenyl-(methoxy-L-aI a ninyl)- p hosphorochlorid a te. 
C, 0 H, 2 ClFNO 4 P, MW=295.63. 
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This is synthesised according to Standard procedure 4, using L-alanine methyl ester 
hydrochloride (0.70 g, 5.01 mmol), p-fluorophenyldichlorophosphate (1.210 g, 5.01 
5 mmol), and TEA (1.4 ml, 10 mmol) in DCM (40 mL). The crude was purified by flash 
chromatography (ethyl acetate/petroleum ether 7:3) affording 1.1 1 g (75%) of oil. 
3, P-NMR (CDCI3, 121 MHz): 6 9.98, 9.96. 

"H-NMR (CDCI3; 300 MHz): 8 7.1 (2H, m, OPh), 6.95 (2H, m, OPh), 5.0 (1H, bs, N£), 
4.25-4.1 (1H, m, CHala), 3.78 (3H, 2s, OC^), 1.55 (3H, m, C^ala). 
0 13 C-NMR (CDCI3; 75 MHz): 8 20.8 (CH 3 ala), 51.1, 50.9 (CHala), 53.3 (OCH3), 117.1, 
117.0 (V OPh), 122.6, 122.5 Cm', OPh), 146.0 ('ipso', OPh), 159.1, 159.0 (>', OPh),' 
173.4, 173.2 (COOCH3). 



5 Synthesis of P-fluorophenyI-(ethoxy-L-alaninyl)-phosphorochloridate. 
C„H,4C1FN0 4 P, MW=309.66. 



This is synthesised according to Standard procedure 4, using L-alanine ethyl ester 
hydrochloride (770 mg, 5.01 mmol), p-fluorophenyldichlorophosphate (1.210g, 5.01 
mmol), and TEA (1.4 mL, 10.02 mmol) in DCM (40 mL). The crude was purified by flash 
chromatography (ethyl acetate/petroleum ether 7:3) affording 1 .07 (69%) of oil. 
3, P-NMR (CDCI3, 121 MHz): 8 10.04, 9.95. 




o 
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1 



H-NMR (CDC1 3 ; 300 MHz): 8 7.1 (2H, m> OPh), 6.95 (2H , m, O^O, 5.0 (1H, bs, N/Q 
4.25-4.1 (3H, m, OC^CH 3 , CHala), 1.55 (3H, m, C/fcala), 1.40 ( 3H, t, V=7Hz 
OCH 2 C/£). 

' 3 C-NMR (CDCI3; 75 MHz): 8 14.5 (CH 3 CH 2 ), 21.1, 21.0 (CH 3 ala), 51.2, 51.1 (CHala) 
62.6CH 3 CH 2 ), 117.3 (VOPh), 122.2, 1 22.0 («„ OPh), 145.9, 145.8 ('ipso', OPh), 1590 
(>', OPh), 173.6, 173.5 (COOCH 2 CH 3 ). 



Synthesis of p-fluorophenyKbenzoxy-L-alaninyD-phosphorochloridate. 
1 0 C 16 H 16 CIFN0 4 P, MW= 371.73. 




I 

NH 



Bn V^ 



This is synthesised according to Standard procedure 4, using L-alanine benzyl ester 
15 hydrochloride (1.08 g, 5.01 mmol), para-fluorophenyl-dichloro phosphate (1.210 mg 5 01 
mmol), and TEA (1.4mL, 1.4 mmol) in DCM (40 mL). The crude was purified by flash 
chromatography (ethyl acetate/petroleum ether 7:3) affording 1.599 (86%) of oil. 
31 P-NMR (CDC1 3 , 121 MHz): 8 9.15, 9.06. 

'H-NMR (CDC1 3 ; 300 MHz): 5 7.35-7.25 (5H, m, CH 2 Ph), 7.1 (2H, m, OPh), 6.95 (2H m 
20 , OPh), 5.2 (2H, 2s, C^Ph), 5.00 (1H, bs, N//), 4.25-4.1 (1H, m, CHala), 1.55 (3H m 
C#,ala). ' ' 

,3 C-NMR (CDC1 3 ; 75 MHz): 8 20.8 (CH 3 ala), 51.1, 51.0 (CHala), 68.1 (CH 2 Ph) 117 0 
116.9 (V OPh), 122.6 (VH'OPh), 130.3, 129.0 (CH^, 135.7 ('ipso', CH 2 Ph),' 146.1,' 
U6.0{'ipso ', OPh), 158.9 (>', OPh), 173.1 (COOCH 2 Ph). 

25 

Synthesis of 4-(trifl„oromethyl)- P henyl-(me t hoxy-L-al a ni n y])- P hosphorochloridate. 
C„H 12 C1F 3 N0 4 P, MW=345.64. 
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This is synthesised according to Standard procedure 4. using L-alanine methyl ester 
hydrochloride (1.0 g, 7.16 mmol), 4-(trifluoromethyl)-phenyl-phosphodichloridate (1.998 
g, 7.16 mmol), and TEA (1.449 g, 14.32 mmol, 1916 uL) in DCM (30 mL), to yield 2.202 
g (89.0%) of crude product used without further purification. 
5 31 P-NMR (CDC1 3 , 121 MHz): 8 9.36, 9.22. 

'H-NMR (CDC1 3 ; 300 MHz): 8 7.66 (2H, d, V=8.1 Hz, OPh), 7.44-7.33 (2H, m, OP*), 
5.10 (1H, bs, N£), 3.81-3.78 (3H, 2s, C^O), 3.77-3.68 (1H, m, CH 3 C/f), 1.56-1.52 (3H 
m, CHCJT,). 

,3 C-NMR (CDCI3; 75 MHz): 8 20.6, 20.7 (CH3CH), 50.9, 51.1 (CHCH 3 ), 53.2 (CH3O), 
10 121.4 ( V, OPh), 124.1 (CF,, y= 2 70 Hz), 128.0 {'m', OPh), 128.6 (>', J=34 Hz), 152.4,' 
1 52.6 ( 'ipso ', OPh), 1 73.4, 1 73 .5 (COOCH3). 

Synthesis of 4-(trifluoromethyl)-phcnyl-(ethox y -L-alanin y l)-phosphorochloridate. 
C, 2 H, 4 C1F3N0 4 , MW=359.67. 

15 



O 




This is synthesised according to Standard procedure 4, using L-alanine ethyl ester 
hydrochloride (1.0 g, 6.50 mmol), 4-(trifluoromethyl)-phenyl-phosphodichloridate (1.813 
g, 6.50 mmol), and TEA (1.316 g, 13.00 mmol, 1740 pL) in DCM (30 mL), to yield 2.150 
g (92.2%) of crude product used without further purification. 
3I P-NMR (CDCI3, 121 MHz): 8 9.33, 9.28. 
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'H-NMR (CDC1 3 ; 300 MHz): 8 7.70 (2H, d, V=8.2 Hz, OPh), 7.46-7.39 (2H, m, OPh), 
4.78 (1H, bs, N£D, 4.33-4.17 (3H, m, CH^/fcCH C//CH 3 ), 1.59-1.55 (1H, m, 
1 .56-1 .52 (3H, m, CH 2 C/£). 

,3 C-NMR (CDCI3; 75 MHz): 5 14.5 (CH 3 CH 2 0), 20.8, 20.9 (CH 3 CH), 50.3, 50.9 
(C£fCH 3 ), 62.3, 62.5 (CH 3 CH 2 0), 121.4 (<o', OPh), 124.1 (C&, J=270 Hz), 127.7 {'m\ 
OPh), 128.7 (>', 7=33 Hz), 152.4 ('ipso', OPh), 172.9 (COOCH 2 CH 3 ). 



Synthesis of p-trifluorophenyI-(benzoxy-L-alaniiiyl).phosphorochlorid a te. 
1 0 C, 7 H 16 C1F 3 N0 4 P, MW= 421.73. 



NH 

BnC 



This is synthesised according to Standard procedure 4, using L-alanine benzyl ester 
hydrochloride (1.08 g, 5.01 mmol), para-trifluorophenyl-dichloro phosphate (1.490 mg, 
15 5.01 mmol), and TEA (1.4 mL, 1.4 mmol) in DCM (40 mL). The crude was purified by 
flash chromatography (ethyl acetate/petroleum ether 6:4) affording 1 .80 (85%) of oil. 
31 P-NMR (CDC1 3 , 121 MHz): 8 9. 1 1 , 8.84. 

'H-NMR (CDC1 3 ; 300 MHz): 8 7.65 (2H, m, OPh), 7.4-7.2 (7H, m, CH 2 Ph + 2H OPh), 
5.25 (2H, 2s, CHfh), 4.75-4.55 (1H, bs, N/& 4.25-4.1 (1H, m, CHala), 1.60-1 .55 (3H, 2d,' 
20 V=7Hz, C^ala). 

,3 C-NMR (CDC1 3 ; 75 MHz): 8 20.9 (CH 3 aIa), 51.3, 51.0 (CHala), 68.2, 68.1 (CH 2 Ph), 
121.4, 120.9 Co', OPh), 125.2 (d, J=270Hz, CF 3 ), 126.6 ('m', OPh), 129.1, 128.8, 127.8 
(Bn), 130.0 (>',q , J=32Hz, OPh), 135.4 ('ipso', CH 2 Ph), 153.0 ('ipso', OPh),' 172 8 
(COOCH 2 Ph). 

25 



Synthesis of 4-chlorophenyl-(methoxy-L-alaninyl)-phosphorochloridate. 
C10HJ2CI2NO4P, MW=312.09. 
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Tto is syufhesised according ,„ s^art procure 4, using L-alani„e mefhy, ester 
hydrochloride (1.0 g, 7.16 nnnol), ^cWoropheny^hosphorodichloridafe ( , ? 
5 nuno,), and TEA (1.449 g, ,4.32 nnnol, ,995 pL) in DCM (30 m L), ,o yield 1.62, g 
(72.5%) of crude product used without further purification. 
3I P-NMR (CDClj, f 21 MHz): 5 9.36, 9.07. 

'H-NMR (CDCI,; 300 MHz): 8 7.35-7.,5 <4H, m , OP®, 4.48-4.36 (1H, bs, Nfl) 4 22-4 04 
(1H, m, CaCH,), 3.76-3.74 (3H, 2s, CaO), 1.49-,. 46 (3H,n,, CHC&) 
,0 "C-NMR (CDC, 3 ; 75 MHz,: 8 2..0 ^CH), 50.8, 5,., (fiHCH,), 53.4 ( CH 3 0) ,2, 9 
,22.,, ,22.3, ,22.4 (•„■, o m , ,30.6, ,30.4, ,30.2 Vm ; Ofij), ,32.0 (>-. OPh , ,48 6 
( ipso ', OPh), 1 73.5 (COOCH 3 ). 



15 Synthesis of 4-chlorophe„yl-( ethoxy-L-ala„i„yl).pho S phorochloridate. 
CnH, 4 CI 2 N0 4 P, MW=326.11. 



O 

o aJo-ry a 



TOs is synfhesised according ,0 S.aniari procedure 4, using L-alanine euryl esfer 
hydrochloride (,.000 g, 6.50 nunc,), 4-chlomphenylphosphorodichloride (f 595 g 6 50 
20 mntol), and TEA (,.3,5 g, ,3.00 mm ol, ,8,0 pL) in DCM (20 m L), to yie,d ,.794 mg 
(yield 84.7%) of product. 
"P-MMR (CDClj, ,21 MHz): 8 9.54, 9.25. 

'H-NMR (CDC,,; 300 MHz): 8 7.44-7.2, (4H, tn, O/*), 4.59 (,H, bs, Nfi), 4.33-4 ,3 (3H 
m.OC/fcO^CaCH,), ,.57.,. 56 (3H, tn, C/fcCH), ,.43-,.2, (3H, m, OCH,C&). ' 
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»CNMR ( CDC. 3 ; 75 MHz): 8 .4.5, ,4.6 (OCH^), 2..0, 2,.5 (CH 3 CH) 50 9 „ , 
W 6,4, 62, ( OCH 2C H3), ,22.04, ,22,, ,22.4 (V, O^ 0 T(W £f 
•3.9 (>; 0£4 ), ,48.5, ,48.6 (W , 0£4 ), ,73.0. ,73, ( COOCH^H 



5 Synthesis of 



aymnesis of ^ 

ph.sp,,„ r oe,,, 0rM a, e . 4n ' ,rePh ~^'- 2 -^-^^ 
Ci6H, 6 Cl2N0 4 P, MW=388.18. 



10 




This is synthesized aeeording to .SWar,, „,«,e«W 4 usi n » I .1. • u , 
~,oHde 0.0. a 4.63 4^,.^^ * 

(yteld 86.5%) of entde prodeet used without fcrther purifieetion 
15 P-NMR (CDC1 3 , ,21 MHz): 5 9.43, 9.16. 

•H-NMR (CDC l3; 300 MHz): 6 7.42-7.08 (9H, nt, OPH+ CH 2 Ph) 5 ,9 (2H s CM PM 
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This is synthesiser, according ,o Standard procedure 4. using 2-aminois„bu,yra,e methy, 
ester hydrochloride (583.5 mg, 3.75 mmol), phenyl dichlorophosphate (791 1 mg, 3 75 
560 pL), and TEA (758.9 mg, 7.5 mmol, 10 45 pL) in DCM (20 mL), ,„ yie.d 1.04! g 
5 (95.2%) of crude product used without further purification. 
"P-NMR (CDClj, 121 MHz): 5 6.99 (s). 

'H-NMR (CDC. 3; 300 MHz): 8 7.4,-7.17 (5H, m, OP®, 4.98 ( IH , bs, N®, 3.80 (3H s 
OCfij), 1.71-1.69 (6H, 2s, [CB&C). 

"C-NMR (CDC1,; 75 MHz): 8 27.3, 27.2, 27.0 ([CH.fcO, 53.6 (OfiH,), 58.8 (qcH,] 2 ) 
«0 .20.0, ,2.., Co-O m , m.2 ( y, Cm, ,30.3 (W. o m ,45.7 ( K o m , ,5a 2 ,503 
{'ipso', OPh), 175.6, 175.7 (COOCH3). 

Synthesis of Phenyl-(ethyl-2.amino.2- m ethylprop a „oate>phosphorochloridate 
15 C 12 H 17 CIN0 4 P, MW=305.69. 



Th 1S ,s synthesised according to Standard procedure 4, using 2-aminoisobutyrate ethyl 
ester hydrochloride (628.6 mg, 3.75 mmol), phenyl dichlorophosphate (791 1 mg 3 75 
20 560 uL), and TEA (758.9 mg, 7.5 mmol, 1045 uL) in DCM (20 mL), to yield L018 g 
(88.8%) of crude product used without further purification. 
3, P-NMR (CDCI3, 121 MHz): 5 7.02 (s) 

^H-NMR (CDCI3; 300 MHz): 8 7.23-7.37 (5H, m, OPh,, 4.98 (IH, bs, N//), 4.24 (2H, q , 
•7=7.1 Hz,OC&CH3), 1.70, 1.68(6^2^^0, 1.30(3H,t, V=7.1 Hz, OCH 2 C/£). 
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13 C-NMR (CDC1 3 ; 75 MHz): 8 14.5 (CH 3 CH 2 0), 27.3, 26.9 ([CH 3 ] 2 Q, 58.7 (C[CH 3 ] 2 ), 
62.7 (OCH 2 CH 3 ), 121.1, 121.0 (V, OPh), 127.6 (>', OPh), 130.7 ('»,', OPh), 150.4 
('ipso', OPH), 175.2, 175.1 (COOCH 2 CH 3 ). 

5 Synthesis of phenyl-(benzyl-2-amiiio-2-methylpropanoate)-phosphorochloridate. 
C, 7 H 1!> C1N04P, MW= 367.76. 



Cl- 

O 



This is synthesised according to Standard procedure 4, using 2-aminoisobutyrate benzyl 
10 ester hydrochloride (861.4 mg, 3.75 mmol), phenyl dichlorophosphate (791.1 mg, 3.75, 
560 uL), and TEA (758.9 mg, 7.5 mmol, 1045 uL) in DCM (30 mL). The crude was 
purified by flash chromatography (ethyl acetate/petroleum ether 6:4) affording 580 mg 
(42.2%) of oil. 

3I P-NMR (CDC1 3 , 121 MHz): 5 6.79 (s) 
15 'H-NMR (CDC1 3 ; 300 MHz): 5 7.45-7.27 (10H, m, OPh+CH 2 Ph), 5.28 (2H, s, C^Ph), 
4.81, 4.78 (1H, 2bs, N^), 1.78, 1.75 (6H, 2s, [C/£]Q. 

,3 C-NMR (CDC1 3 ; 75 MHz): 8 27.3, 26.9 ([CH 3 ]Q, 53.9 (C[CH 3 ] 2 ), 60.9 (CH 2 Ph), 121.0, 
126.3, 128.6, 129.0, 129.1, 130.3, 135.5 (OPh, CH 2 £A), 135.5 ('ipso'. CH 2 Ph), 150.3, 
150.2 ( 'ipso \ OPh), 1 75.0, 1 75.2 ( COOCH 2 Ph). 



20 



Synthesis of 4-nitrophenyl-( m ethyI-2-amino-2-methylpropanoate)- 

phosphorochloridate. 

C„H )4 CIN 2 0 6 P, MW=336.67. 



25 
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O 

Gl-P-O 




10 



This is synthesised according to Standard procedure 4, using 2-aminoisobutyrate methyl 
ester hydrochloride (290.0mg, 1.89 mmol), 4-nitrophenylphosphodichloride (483 3 mg 
1.89 mmol), and TEA (382.5 mg, 3.78 mmol, 526.9 uL) in DCM (15 mL), to yield 486 mg 
(yield 76.4%) of crude product used without further purification. 
3, P-NMR (CDC1 3 , 121 MHz): 5 6.61 (s) 

'H-NMR (CDCI3; 300 MHz): 5 8.25 (2H, d , V=9.0 Hz, OPh), 7.43 (2H, d V=9 0 Hz 
OP®, 4.91-4.87 (IH, 2bs, NH), 3.79 (3H, s, OC^), 1.69-1 .66 (6H, 2s, [QfcfcC) 
13 C-NMR (CDCI3; 75 MHz): 8 27.0, 27.1, 27.3 ([CH^C), 53.8 (OCH 3 ), 59.2 (C^) 
121.7, 121.8 (V OPh), ,26.2 (>', OPh), 145.7 ( K OPh), ,54.8, 154.7 Cipso >, OPh) 
175.4, 175.6 (COOCH3). * 



Synthesis of 4-nitrophen y l-(ethyI.2-ami n o-2-meth y ,propa„oate>pho S phorochlorida t e 
15 C,2H, 6 C1N 2 0 6 P, MW=350.69. 




O 

o C, "f"°-V/~ N ° 2 

This is synthesised according to Standard procedure 4, using 2-aminoisobutyrate ethyl 
20 ester hydrochloride (270.0 mg, 1.61 mmol), 4-nitrophenyl P hodichloride (412.3 mg, 1.61 
mmol), and TEA (325.8 mg, 3.22 mmol, 448.8 uL) in DCM (15 mL), to yield 500 mg 
(yield 88.5%) of crude product used without further purification. 
3I P-NMR (CDCI3, 121 MHz): 6 6.64 (s) 



WO 2005/012327 



PCT/GB2004/003148 



86 



'H-NMR (CDC1 3 ; 300 MHz): 5 8.35 (2H, d, 3 J^9.0 Hz, OPh), 7.53 (2H, d, V=9.0 Hz, 
OPh), 4.99-4.96 (1H, 2bs, Nfi), 4.34 (2H, q, V=7.1 Hz, OC/£CH 3 ), 1.79-1.76 (6H, 2s,' 
[C/f&C), 1.40 (3H, t, V=7.1 Hz, OCH 2 C//j). 

13 C-NMR (CDCI3; 75 MHz): 5 14.5 (OCH^), 27.0, 27.3 ([CH 3 ] 2 Q, 59.1, 59.2 
5 (C[CH 3 ] 2 ), 62.9, 63.0 ( OCH 2 CH 3 ), 121.7, 121.8 ( V OPh), 126.2 ('/»', OPh), 145.7 (>', 
OPh), 154.7, 154.8 Cipso', OPh), 175.4, 175.6 (COOCH 2 CH 3 ). 



This is synthesised according to Standard procedure 4, using 2-aminoisobutyrate benzyl 
ester hydrochloride (578 mg, 2.52 mmol), 4-nitrophenylphosphodichloride (645 mg, 2.52 
mmol), and TEA (510 mg, 5.04 mmol, 702.5 uL) in DCM (20 mL), to yield 936 mg (yield 
90.0%) of crude product used without further purification. 
3, P-NMR (CDC1 3 , 121 MHz): 5 6.56 (s) 

'H-NMR (CDC1 3 ; 300 MHz): 8 8.29 (2H, d, V=9.0 Hz, OPh), 7.47 (2H, d , V=9.0 Hz, 
OPh), 7.40-7.37 (5H, m, CH^), 5.27 (2H, s, C^Ph), 5.04-5.01 (1H, 2bs, Ntt), 1.77-1.74 
(6H, 2s, [C/£) 2 C). 

,3 C-NMR (CDC1 3 ; 75 MHz): 8 27.0, 27.3, ([CH 3 ] 2 Q, 59.2 (C[CH 3 ] 2 ), 68.5 (OCH 2 Ph), 
121.6, 121.7, 126.2, 128.6, 129.1, ('0', >m\ 'p>, CH^ OPh), 135.7 ('ipso; CH 2 Ph), 
145.7 (p\ OPh), 154.7, 154.8 ('ipso', OPh), 175.8, 175.9 ( COOCH 2 Ph). 




4-nitrophenyl-(benzyl-2-amino-2-methylpropanoate)- 



O 




25 



Synthesis of 
phosphorochioridate. 
C„H,4CI 2 N0 4 P, MW=326.11 



4-chlorophenyl-(methyl-2-amino-2-methylpropanoate)- 
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0 c| -p-o-(\ /)-CI 




•A 



This is synthesised according to Standard procedure 4, using 2-aminoisobutyrate methyl 
5 ester hydrochloride (280.0 mg, 1.82 mmol), 4-chlorophenylphosphodichloride (447.4 mg 
1.82 mmol), and TEA (368.3 mg, 3.64 mmol, 507.3 uL) in DCM (20 mL), to yield 554 mg 
(yield 9 1 . 1 %) of crude product used without further purification. 
31 P-NMR (CDC1 3 , 121 MHz): 8 7.05 (s) 

'H-NMR (CDCI3; 300 MHz): 5 7.38 (2H, d, V=9.0 Hz, OPh), 7.28-7.24 (2H 2d >J=9 0 
10 Hz, OPh), 4.87-4.83 (1H, 2bs, N£), 3.84 (3H, s, OC2£), 1.73-1.71 (6H, 2s, [C/£] 2 C) 

13 C-NMR (CDC1 3 ; 75 MHz): 8 27.0, 27.3, ([CHahO, 53.7 ( OCH 3 ), 58.9 (C[CH 3 ] 2 ) 122 5 
( V. OPh), 129.7 i'm; OPh), 131.8 (>', OPh) 148.7, 148.9 {'ipso', OPh), 175 5 175 7 
(COOCH3). 



15 



Synthesis of 
phosphorochloridate. 
C 12 H J6 C1 2 N0 4 P, MW=340.14. 



4-chlorophenyl-(ethyl-2-amino-2-methylpropanoate). 



20 



O 



O 

ci-p-o-^ y\-a 




This is synthesised according to Standard procedure 4, using 2-aminoisobutyrate ethyl 
ester hydrochloride (293.4 mg, 1.75 mmol), 4-chlorophenylphosphodichloride (430.0 mg, 
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1.75 mmol), and TEA (354.2 mg, 3.50 mmol, 488.0 uL) in DCM (15 mL), to yield 571.7 
mg (yield 96.1%) of crude product used without further purification. 
3, P-NMR (CDC1 3 , 121 MHz): 8 7.09 (s) 

'H-NMR (CDCI3; 300 MHz): 5 7.38 (2H, d, V=9.1 Hz, OP®, 7.26 (2H d V=9 1 Hz 
5 Om, 4.88-4.84 (1H, 2bs, Ng), 4.29 (2H, q, Hz, OC/£CH 3 ), 1.74-L70 (6H 2s' 

. ICEAC), 1.35 (3H,t, V=7.1Hz,OCH 2 C£>). 

13 C-NMR (CDC1 3 ; 75 MHz): 5 14.5 (OCH^), 27.0, 27.3 ([ CH 3 ] 2 C), 58.9 (C[CH 3 ] 2 ), 

62.8 ( OCH 2 CH 3 ), 122.5 (V, OP/,), 130.4 (W, OPh), 131.8 ( K OPA), 148.7, 148 8 

(•ipso; OPh), 175.1, 175.3 (COOCH 2 CH 3 ). 

10 

Synthesis of 4 -cWoro P henyl-(benzyl-2-amino-2-methyIpropanoate)- 

phosphorochloridate. 

Ci 7 H,8CI 2 N0 4 P, MW=402.21. 

15 



O 




This is synthesised according to Standard procedure 4, using 2-aminoisobutyrate benzyl 
20 ester hydrochloride (402.0 mg, 1.75 mmol), 4-chloro P henyl P hos P hodichloride (430 mg, 
1.75 mmol), and TEA (354.2 mg, 3.50 mmol, 488.0 P L) in DCM (15 mL), to yield 657.9 
mg (yield 93.5%) of crude product used without further purification. 
3, P-NMR (CDC1 3 , 121 MHz): 8 7.00 (s) 

'H-NMR (CDC1 3 ; 300 MHz): 8 7.39-7.12 (9H, m, CH^ OPh), 5.18 (2H, s, C^Ph) 
25 4.75-4.72 (1H, 2bs, N//), 1.68-1.65 (6H, 2s, [C£jJ 2 Q. 

13 C-NMR (CDC1 3 ; 75 MHz): 8 27.0, 27.3, ([ CH 3 ] 2 C), 59.0 (C[CH 3 ] 2 ), 68.4 ( OCH 2 Ph), 
122.5, 128.6, 129.1, 130.7 (V, W. V , CH 2 PA+ OPh), 131.8 (>', CH 2 Ph), 135.4 (>•. 
OPh), 148.6, 148.7(^o',OPA), 174.9, 175.1 ( COOCH 2 Ph). 
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Synthesis of 4-(trifluoromethyl^^ 
phosphorochloridate. 

C 18 H, 8 CIF 3 N04P, MW=435.76. 



o 

0 Ch r°-i i^ CF ' 

KlH 




Th,s is synthesised according to Standard procedure 4, using 2-aminoisobutyrate benzyl 
10 ester hydrochloride (341.0 mg, ,. 49 ^ol), 4-(trifluoromethy,)-phenyl- 
phosphodxchloridate (414.3 mg, 1.49 mmol), and TEA (300.5 mg, 2.97 mmol, 413.9 uL) in 
DCM (15 mL), to yield 623.9 mg (96.4%) of crude product used without further 
purification. 

3, P-NMR (CDCI3, 121 MHz): 5 6.74 (s) 
15 'H-NMR (CDCI3; 300 MHz): 8 7.66 (2H, d, V=8.8 Hz, OPh), 7.42-7 30 (7H m 
QEfrOhW, 5.25 (2H, s, C^Ph), 4.95-4.91 (1H, 2bs, ~NH), 1.75-1.72 (6H, 2s, [C/^Q ' 
C-NMR (CDCI3; 75 MHz): 5 26.9, 27.0, 27.3 ([ CH 3 ] 2 C), 59.1 (CfCH^), 68.4 (CH 2 Ph) 
121.1, 121.4, 127.7, 128.4, 128.5, 128.6, 128.9 (V, •„> p >, OPh^Ph), 124.2 (CF 3 
./-265 Hz), 135.4 ( ', CH 2 £A), 152.6, 1 52.7 ( 'ipso >, OPh), 174.9, 175.0(COOCH 2 Ph).' 

Synthesis of Phenyl-(methoxy-a,a-cycloleucinyl)-phosphorochIoridate. 
C, 3 H 17 C1N0 4 P, MW= 317.70. 

/=\ 1? 

\jr°-r a 

NH 



20 



WO 2005/012327 



90 



PCT/GB2004/003148 



Ita » S yn,hesised aeeording t0 fc^ prW „ rc ming n,^,.,.^.,. 
cyc1„,a«e hydroehioride sal, (0.885 g, 5.01 nunoV, phe„ yl<li ch.orophospha,e (, ,2 
& 0749 m , 5.0, , mo0 , and TEA (,.4 mI , ,0 ^ in DCM (40 m L), ,„ ^ ,. 266 , 

5 (Sl^ofcradeproductusedwithoutfurtherpurification. 
31 P-NMR (CDCI3, 121 MHz): 5 7.90. 

o H c r 2 300 mhz>: 5 7 - 4 * 7 - 2 (sh> m >° m 43 ° H ' bs > 375 w a, 

OQffi). 2.15 (4H, m , 4H cyclopentane), 1.9-1.7 (4H, m, 4H cyclopentane) 

io ssT'^Trc 6 2 T (2CH2 CyCl ° Pent) ' 388 ' 387 ' 386 (2CH2 

533, 53.2 (CH,0), 66.6 (^.cyclopentane), 121.1, 121.0 (V OPh), 126.3 (>' OPh) 
130.3, ,30.2 Cm > OPh), 150.2 ( W , OPh), 174.8 (COOCH 3 ). * 

Synthesis of PhenyHethoxy^a-cycloIeucinylVphosphorochloridate. 
Ci4H, 9 ClN0 4 P, MW=331.73. 



15 



H- - syn.he.ised aceording ,„ Slandard 4> ^.^^ 

eye op^oate h y droeh,onde S a„ (955 mg> 5.0, mmo „, P he„ yl dieh,„ rop „o Sp ha,e (,, 2g 
20 5.0, n™,, 749 uL), a„ d TEA (,.4 mL , ,0.02 mmol) in DCM (40 ra L). The en.de 2 
wZZ^ Chr ° ma,08raPhy «** e,her 7:3) affording ,.457 g 

31 P-NMR (CDC, 3 , ,21 MHz): 8 8.04, 7.97. 

*-NMR (CDC.,; 300 MHz): 5 7.4-7, (5H, m , o m , 4.7 (,H, hs, N S , 4.2 (2H 2, 
1 .30 (3H, t, 7=7. 1 Hz, OCH2CH3). 

T^cJ CDC !" 75 MHZ>: 5 5 "V*** 24 5 (2C " 2 38 8 - 

V OPh) notr 0 ' 62 °- CH ^ 683 120.9 (V OPh), ,26.3 

(P ,OPh), ,30.3 (W, OPh), 150.3-.50.2 ( W,OPh), ,74.9-,74.8 (COOOfcCH,) 



WO 2005/012327 



91 



PCT/GB2004/003148 



Synthesis of Phenyl-(benzoxy-a,a-cycIoleucinyl).phosphorochIoridate. 
Ci 9 H 2 ,ClN0 4 P, MW=393.80. 




3 o 

This is synthesised according to Standard procedure 4, using benzyl- 1 -amino- 1- 
cyclopentanoate hydrochloride salt (0.984 g, 3.84 mmol), phenyl-dichlorophosphate (0.577 
ml, 3.84 mmol), and TEA (1 .08 mL, 7.69 mmol) in DCM (30 mL), to yield 1 .485 g (98%) 
1 0 of crude product used without further purification. 
3, P-NMR (CDC1 3 , 121 MHz): 8 7.85. 

'H-NMR (CDC1 3 ; 300 MHz): 8 7.3-7.0 (10H, m, OPh+CH 2 Ph), 5.2 (2H, s, C7£Ph), 4.95- 
4.65 (1H, bs, N£), 2.25-2.1 (4H, m, 4H cyclopentane), 1.9-1.7 (4H, m, 4H cyclopentane). 
,3 C-NMR (CDCI3; 75 MHz): 8 24.4, 24,3 (2CH 2 cyclopent), 38.8, 38.7, 38.5 (2CH 2 
15 cyclopent), 67.3 (C^cyclopentane), 68.0 (CH 2 Ph), 121.0 (V OPh), 126.4 (>', OPh), 
130.1, 129.0, 128.8 ( m'OPh, CH 2 £fc), 135.4 {'ipso', CH 2 Ph), 150.1 ('ipso', OPh), 1 73 4 ( 
COOCH 2 Ph). 



Synthesis of p-fluorophenyl-(methoxy-a,a-cycloleucinyl)-phosphorochloridate. 
20 CuHuClNCP, MW=335.70. 



? 

\_f-°- p r° 

NH 

MeC 



*Yt> 

o 

This is synthesised according to Standard procedure 4, using methyl- 1 -amino- 1- 

25 cyclopentanoate hydrochJoride salt (0.885 g, 5.01 mmol), para- 



10 
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fluorophenyldichlorophosphate (1.21 g, 5.01 mmol), and TEA (1.4 ml, 10 mmol) in DCM 
(40 mL), to yield 1.65 g (99%) of crude product used without further purification. 
3, P-NMR (CDC1 3) 121 MHz): 8 8.61. 

1 H-NMR (CDC1 3 ; 300 MHz): 8 7.3-7.2 (2H, m ,OPh), 7.1-7.0 (2H, m ,OPh), 4.7 (1H, bs, 
i Nffl, 3.78 (3H, 2s, OCm, 2.25-2.15 (4H, m, 4H cyciopentane), 2.0-1.8 (4H, m,4H 
cyciopentane).. 

,3 C-NMR (CDCI3; 75 MHz): 5 24.4 (2CH 2 cyclopent), 38.7, 38.6, 38.5 (2CH 2 cyclopent), 
53.3 (CH3O), 66.3-66.2 (C2_cyclopentane), 117.1-116.8 (V OPh), 122.6-122.5 ('m', 
OPh), 146.1-145.9 ('ipso', OPh), 159.0 ('p\ OPh), 175.3-175.2 (COOCH 3 ). 

Synthesis of p-fluorophenyl-(ethoxy-a,a-cycloleucinyl)-pho S phorochloridate. 
Ci 4 H 18 ClFN0 4 P, MW=349.72. 



15 



? 

ISIH 



This is synthesised according to Standard procedure 4, using ethyl- 1 -amino- 1- 
cyclopentanoate hydrochloride salt (955 mg, 5.01 mmol), para- 
fluorophenyldichlorophosphate (1.21g, 5.01 mmol), and TEA (1.4 mL, 10.02 mmol) in 
DCM (40 mL), to yield 1.64 g (94%) of crude product used without further purification. 
20 3, P-NMR (CDCI3, 121 MHz): 8 8.70. 

■H-NMR (CDCI3; 300 MHz): 6 7.3-7.2 (2H, m, OPh), 7.1-7.0 (2H, m, OPh), 4.8 (1H, bs, 
N/&4.2(2H,2q,V=7.1 Hz, OfiE&CH,), 2.25-2.1 (4H,m, 4H cyciopentane), 2.0-1.8 (4H, 
m, 4H cyciopentane), 1 .4 ( 3H, t, V=7. 1 Hz, OCH 7 CH L ). 

,3 C-NMR (CDCI3; 75 MHz): 8 14.4 (CH 3 CH 2 ), 24.4 (2CH 2 cyclopent), 38.8, 38.7, 38.6, 
25 38.5 (2CH 2 cyclopent), 62.3.0^012), 68.3 (C^_cyclopentane), 117.4, 117.0 (V OPh)' 
122.7, 122.6 ('m', OPh), 146.1, 146.0 ('ipso', OPh), 159.0 (>', OPh), 174.9 
(COOCH 2 CH 3 ). 
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Synthesis of p.fluorophenyl-(benzoxy.a,a-cycloleucinyl)-phosphorochloridate. 
C, 9 H2oClFN04P, MW= 411.79. 



? 
NH 



5 




Bn vb 



This is synthesised according to Standard procedure 4, using benzyl- 1 -amino- 1- 
cyclopentanoate hydrochloride salt (1.281 g, 5.01 mmol), para-fluorophenyl- 
dichlorophosphate (1.21 g, 5.01 mmol), and TEA (1.4 mL, 10 mmol) in DCM (40 mL), to 
yield 1 .85 g (90%) of crude product used without further purification. 
10 31 P-NMR (CDC1 3) 121 MHz): 5 7.85. 

'H-NMR (CDCls; 300 MHz): 5 7.65-7.4 (5H, m, CH 2 m, 7.3-7.2 (2H, m, OPh) 7 1-7 0 
(2H, m , OPh), 5.2 (2H, s, Ctf.Ph), 4.6 (1H, bs, Nfl). 2.2-2.1 (4H, m, 4H cyclopentane), 
2.0-1.8 (4H, m, 4H cyclopentane). 

13 C-NMR (CDCI3; 75 MHz): 8 24.5 (2CH 2 cyclopent), 38.9, 38.8, 38.6, 38.5 (2CH 2 
15 cyclopent), 68.1 (CgLcyclopentane), 68.4 (CH 2 Ph), 117.0, 116.8 ('o' OPh), 122 6 122 5 
Cm'OPh) 129.1, 129.0, 128.8, 128.7 (CU 2 Ph), 135.7 ('ipso', CH 2 Ph), 146.1,'l45.9 '('ipso' 
OPh), 1 59.0 (p \ OPh), 1 74.6 (COOCH 2 Ph). 



20 Synth e sisof P -nitro P henyl-(methoxy-a,a-cycloleucinyl)-phosphorochloridate. 
C,3H, 6 C1N 2 06P, MW=362.70. 



if 



/) — o— P— CI 



I 

NH 



Me VO 



25 This is synthesised according to Standard procedure 4, using methyl- 1 -amino- 1- 
cyclopentanoate hydrochloride salt (0.885 g, 5.01 mmol), para- 



10 
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nitrophenyldichlorophosphate (1.632 g, 5.01 mmol), and TEA (1.4 ml, 10 mmol) in DCM 
(40 mL), to yield 1.601 g (90%) of crude product used without further purification. 
3, P-NMR (CDCI3, 121 MHz): 5 8.02. 

'H-NMR (CDCb; 300 MHz): 8 8.2 (2H, 2d, V=8 Hz, OPh), 7.32 (2H, 2d, 3 ^8 Hz OPh) 
4.9 (1H, bs, ~NH), 3.71 (3H, s, OQ£), 2.25-2.00 (4H, m, 4H cyclopentane), 1.95-1.7 (4H,' 
m, 4H cyclopentane).. 

,3 C-NMR (CDCI3; 75 MHz): 8 24.3 (2CH 2 cyclopent), 38.7, 38.6 (2CH 2 cyclopent), 53.3 
(CH 3 0), 68.6 (C2_cyclopentane), 121.8, 121.7 (V OPh), 126.0 ('m', OPh), 145.6 (ipso', 
OPh), 1 54.8, 1 54.7 ( p ', OPh), 1 75. 1 -1 75.0 (COOCH 3 ). 

Synthesis of p-nitrophenyl-(ethoxy-a,a-cycloleucinyl)-phos P Iiorochloridate. 
C,4H, 8 C1N 2 0 6 P, MW=376.73. 



q 2 n-— o-ff- a 

NH 



15 



This is synthesised according to Standard procedure 4, using ethyl- 1 -amino- 1- 
cyclopentanoate hydrochloride salt (955 mg, 5.01 mmol), para- 
nitrophenyldichlorophosphate (1.362 g, 5.01 mmol), and TEA (1.4 mL, 10.02 mmol) in 
DCM (40 mL), to yield 1 .669 g (90%) of crude product used without further purification 

20 31 P-NMR (CDCI3, 121 MHz): 8 7.95. 

'H-NMR (CDCI3; 300 MHz): 8 8.1 (2H, 2d, V=8 Hz, OPh), 7.28 (2H, 2d, V=8 Hz OPh) 
4.8 (1H, bs, N/& 4.2 (2H, 2q, V=7.1 Hz, OC^CH 3 ), 2.2-2.0 (4H, m, 4H cyclopentane),' 
1.95-1.7 (4H, m, 4H cyclopentane), 1.27 (3H, t, V=7.1 Hz, OCU.CHA 
,3 C-NMR (CDCI3; 75 MHz): 8 14.4 (CH 3 CH 2 ), 24.4 (2CH 2 cyclopent), 38.8, 38.7 (2CH 2 

25 cyclopent), 62.4_CH 3 CH 2 ), 68.5 (^.cyclopentane), 121.8, 121.1 (V OPh), 126.1, 125.9 
( •m ', OPh), 1 45.6 ( 'ipso ', OPh), 1 54.8 ( p ', OPh), 1 74.9 (COOCH 2 CH 3 ). 
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Synthesis of p-nitrophenyl-(ben2oxy-^a-cycloleucinyl)-phosphorochIoriclate. 
C,9H 2 oClN 2 0 6 P, MW= 438.80. 



ft 




NH 



Bno rb 

o 

5 

This is synthesised according to Standard procedure 4, using benzyl-, -amino-, - 
cyclopentanoate hydrochloride salt (0.835 g, 3.25 mmol), para-nitrophenyl- 
dichlorophosphate (0.85 g, 3.25 mmol), and TEA (0.91 mL, 6.7 mmol) in DCM (30 mL), 
toyield 1.215g(85%)ofcrudeproductused without further purification. 
10 3, P-NMR (CDCI 3 , 121 MHz): 5 7.99, 7.90. 

'H-NMR (CDCI3; 300 MHz): 8 8.1 (2H, 2d, 3 ^8 Hz, OP®, 7.4-7.2 (7H, m , OPh + 
CH 2 m, 5.18 (2H, s, C&Ph), 5.0 (1H, bs, N//), 2.2-2.0 (4H, m, 4H cyclopentane), 1.95- 
1.75 (4H, m, 4H cyclopentane). 

13 C-NMR (CDCI3; 75 MHz): 8 24.4 (2CH 2 cyclopent), 38.8, 38.7, 38.6, 38.5 (2CH 2 
15 cyclopent), 68.0 (CH 2 Ph), 68.6 (^.cyclopentane), 121.8, 121.7 ( V OPh) 126 1 1259 
( WOPh) 129.1, 129.0, 128.8, 128.6 (CH^), ,35.7 ('ipso', CH 2 Ph), ,45.6 ('ipso[ OPh), 
154.8, 154.7 ( >', OPh), ,74.5, 1 74.4 (COOCH 2 Ph). 



20 Synthesisofp-chloro P heny,-(methoxy-a,a-cyclo,eucinyl)- P ho S phorochIorid a te. 
Ci 3 H, 6 CI 2 N0 4 P, MW=352.15. 




1 

NH 



25 This is synthesised according to Standard procedure 4, using methyl-, -amino-, - 
cyclopentanoate hydrochloride salt (0.443 g, 2.5 mmol), para- 
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chlorophenyldichlorophosphate (0.613 g, 2.5 mmol), and TEA (0.7 ml, 5 mmol) in DCM 
(20 mL), to yield 0.852 g (98%) of crude product used without further purification. 
31 P-NMR (CDCI3, 121 MHz): 8 9.55, 9.5. 

'H-NMR (CDCI3; 300 MHz): 8 7.35-7.15 (4H, m, OPk), 4.95 (1H, bs, *NH), 3.78 (3H, s, 
5 OCT/,), 2.2-2.00 (4H, m, 4H cyclopentane), 1 .95-1 .7 (4H, m, 4H cyclopentane). 

"C-NMR (CDCI3; 75 MHz): 8 24.3 (2CH 2 cyclopent), 38.7 (2CH 2 cyclopent), 53.3 
(CH3O), 68.6 (G£_cyclopentane), 122.0 (o' OPh), 130.1 ('m', OPh), 133.2 (>', OPh), 
149.9 ( 'ipso ', OPh), 1 75. 1 - 1 75.0 (COOCH3). 

10 Synthesis of p-chlorophenyl-(ethox y -a,a-c y cloleucinyl)-phosphorochlorid a te. 
C,4H, 8 C1 2 N04P, MW=366.18. 



NH 




15 This is synthesised according to Standard procedure 4, using ethyl- 1 -amino- 1- 
cyclopentanoate hydrochloride salt (0.477 g, 2.5 mmol), para- 
chlorophenyldichlorophosphate (0.613 g, 2.5 mmol), and TEA (0.7 mL, 5 mmol) in DCM 
(20 mL), to yield 0.880 g (97%) of crude product used without further purification. 
3I P-NMR (CDCI3, 121 MHz): 8 9.85, 9.70. 

20 "H-NMR (CDCI3; 300 MHz): 8 7.35-7.15 (4H, m, OPh), 4.9 (1H, bs, N£), 4.22 (2H, 2q, 
3 .A=7.1 Hz, OC£fcCH 3 ), 2.2-2.0 (4H, m, 4H cyclopentane), 1.95-1.7 (4H, m, 4H 
cyclopentane), 1.27 (3H, t, 3 J=7 Hz, OCH 2 CH£). 

,3 C-NMR (CDCI3; 75 MHz): 8 14.4 (CH 3 CH 2 ), 24.4 (2CH 2 cyclopent), 38.8, 38.7 (2CH 2 
cyclopent), 62.5, 62.4 CH 3 CH 2 ), 68.1 (C^cyclopentane), 122.2, 122.1 ('o> OPh), 130.1 
25 (m; OPh), 133.2 (>', OPh), 149.8 ('ipso', OPh), 174.8 (COOCH 2 CH3). 



Synthesis of p-chlorophenyI-(benzoxy-a,a-cycIoleucui y I)-phosphorochloridate. 
C, 9 H2oCl2N0 4 P, MW= 428.25. 
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l 

NH 



o 

This is synthesised according to Standard procedure 4, using benzyl-1 -amino- 1- 
cyclopentanoate hydrochloride salt (0.640 g, 2.5 mmol), para-chlorophenyl- 
5 diphosphate (0.613 g, 2.5 mmol), and TEA (0.7 mL, 5 mmol) in DCM (20 mL) to 
yield 1 .041 g (97%) of crude product used without further purification. 
3, P-NMR (CDC1 3 , 121 MHz): 8 9.39, 8.95. 

'H-NMR (CDC1 3 ; 300 MHz): 5 7.4-7.15 (9H, m , OPh + CH^), 5.20 (2H, s, C7£P n ) 5 0 
(1H, bs, N£), 2.2-2.0 (4H, m, 4H cyclopentane), 1.95-1.75 (4H, m, 4H cyclopentane) 
10 "C-NMR (CDCI3; 75 MHz): 5 24.4 (2CH 2 cyclopent), 38.8, 38.7, 38.6 (2CH 2 cyclopent) 
68.1, 68.0 (CH 2 Ph), 68.2 (C^cyclopentane), 121.9, 121.8 ( V OPh), 130.5 1304 1293 
129.2 Cn'OPh, CH 2 /V0, 133.2 {p ; OPh), 135.7 ('ipso', CH 2 Ph), 149.9 ('ipso'', OPh)' 
174.3, 174.2 (COOCH 2 Ph). 



Synthesis of P -trifluorophen y l-(me t hox y -a,a-c y cloleucin y l)-phos P horochloridate. 
C,4H, 6 C1F 3 N0 4 P, MW=385.70. 



20 




s 
r 



F3 ° — \ ft—o—p—a 
nh 



Th,s 1S synthesised according to Standard procedure 4, using methyl -1 -amino- 1- 
cyclopentanoate hydrochloride salt (0.443 g, 2 .5 mmol), para- 
tnfluorophenyldichlorophosphate (0.700 g, 2.5 mmol), and TEA (0.7 ml, 5 mmol) in DCM 
(20 mL), to yield 0.93 1 g (97%) of crude product used without further purification 
25 3, P-NMR (CDC1 3 , 121 MHz): 8 8.80, 8.62. 
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'H-NMR (CDC1 3 ; 300 MHz): 8 7.65 (2H, 2d, V=8 Hz, OP®, 7.35 (2H, 2d, 3 ./=8 Hz OPh), 
5.02 (IH, bs, N£), 3.78 (3H, s, 2.25-2.05 (4H, m, 4H cyclopentane), 1.95-1.7 (4H,' 

m, 4H cyclopentane).. 

,3 C-NMR (CDCI3; 75 MHz): 8 22.8 (2CH 2 cyclopent), 37.5, 37.2 (2CH 2 cyclopent), 51.5 
; (CH3O), 68.4 (Ca_cyclopentane), 120.0 ('0', OPh), 124.8 (d, J=270Hz, CF 3 ), 126.6 ('m\ 
OPh), 129.5 (>',q,J=32Hz,OP*), 1 52.8 ( 'ipso ', OPh), 175.2 (COOCH3). 



Synthesis of p-trifluorophenyHethoxy-a^-cycloleucinyD-phosphorochloridate. 
10 C,sH, 8 ClF 3 N04P, MW=399.73. 



F3C — ^ ^— o— ij>— a 
o 

This is synthesised according to Standard procedure 4, using ethyl- 1 -amino- 1- 
15 cyclopentanoate hydrochloride salt (0.477 g, 2.5 mmol), para- 
trifluorophenyldichlorophosphate (0.700 g, 2.5 mmol), and TEA (0.7 mL, 5 mmol) in 
DCM (20 mL), to yield 0.950 g (89%) of crude product used without fiirther purification. 
3, P-NMR (CDCI3, 121 MHz): 8 8.49. 

'H-NMR (CDCI3; 300 MHz): 8 7.45 (2H, m, OPh), 7.2 (2H, m, OPh), 5.12 (IH, bs, NH), 
20 4.05 (2H, m, OC^CH 3 ), 2.15-2.0 (4H, m, 4H cyclopentane), 1.9-1.65 (4H, m, 4H 
cyclopentane), 1.2 (3H, 2t, *J=7 Hz, OCH2CH3). 

13 C-NMR (CDCI3; 75 MHz): 8 14.3 (CH 3 CH 2 ), 24.2, 24.1 (2CH 2 cyclopent), 38.6, 38.5, 
38.4 (2CH 2 cyclopent), 62.0 CH 3 CH 2 ), 68.4 (^.cyclopentane), 121.5 (<o\ OPh), 125.0 (d, 
J=270Hz, CF 3 ), 127.5 Qm\ OPh), 1 29.9 (> ',q , J=32Hz, OPh), 152.8, 1 52.7 ( 'ipso ', OPh),' 
25 174.9, 174.6 (COOCH 2 CH 3 ). 



Synthesis of p-trifluorophenyl-(benzoxy-a,a-cycloleucinyl> P hosphorochloridate. 
C 2 oH 20 CIF 3 N04P, MW= 461 .80. 
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Th,s is synthesised according to Standard procedure 4, using benzyl- 1 -amino- 1- 
5 cyclopentanoate hydrochloride salt (0.700 g, 2.73 mmol), para-trifluorophenyl- 
dichlorophosphate (0.75 g, 2.73 mmol), and TEA (0.75 mL, 5.47 mmol) in DCM (25 mL), 
to yield 1 .089 g (86%) of crude product used without further purification. 
3, P-NMR (CDC1 3 , 121 MHz): 5 9.39, 8.95. 

'H-NMR (CDCI3; 300 MHz): 5 7.50 (2H, m, OPh), 7.4-7.15 (7H, m, OPh + CH^), 5 20 
10 (2H, s, C£y>h), 4.95 (1H, bs, N//), 2.2-2.0 (4H, m, 4H cyclopentane), 1.95-1.75 (4H, m, 
4H cyclopentane). 

,3 C-NMR (CDCI3; 75 MHz): 5 24.3 (2CH 2 cyclopent), 38.8, 38.7, 38.6 (2CH 2 cyclopent), 
68.1, 68.0 (CH 2 Ph), 68.2 (C2_cyclo P entane), 121.4, 121.3 (<o\ OPh), 125.1 (d, J=270Hz 
CF 3 ), 126.6 C«\ OPh) 129.2, 128.8, 127.8 (Bn), 129.8 (>',q , J= 3 2Hz, O^, 135.7 
15 {'ipso'. CH 2 Ph), 153.5 {'ipso; OPh), 174.5, 174.4 (COOCH 2 Ph). 

Synthesis of Phenyl-( m cthoxy-L-phenylalanin y l)-pho S phorochloridate. 
C, 6 H, 7 C1N0 4 P, MW=353.74. 



20 




Th,s is synthesised according to Standard procedure 4, using L-phenylalanine methyl ester 
hydrochloride (1.08 g, 5 mmol), phenyldichlorophosphate (1.12 g, 0.75 ml, 5 mmol), and 
TEA (1.4ml, 10 mmol) in DCM (40 mL), to yield 1.626 g (92%) of crude product used 
25 without further purification. 

31 P-NMR (CDCI3, 121 MHz): 8 9.1, 8.95. 
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'H-NMR (CDC1 3 ; 300 MHz): 5 7.3-7.1 (10H, m, CH 2 Ph+ OP®, 5.00 (1H, bs, Nfi), 4.35 
(1H, m, CHphenylala), 3.79 (3H, 2s, CH3O), 3.00 (2H, m, CH 2 Ph) 

,3 C-NMR (CDCb; 75 MHz): 5 36.3 (CH 2 phenylalanine), 53.0 (CH3O), 56.6, 56.5 
(CHphenylala), 121.0 ('o' OPh), 126.4 (>', OPh), 130.2 ('m', OPh), 150.2 ('ipso', OPh), 
5 174.1 (COOCH3). 

Synthesis of Pbenyl-(methoxy-L-leucinyl)-phosphorochloridate 
C, 3 Hi9ClN0 4 P, MW=319.72. 



This is synthesised according to Standard procedure 4, using L-leucine methyl ester 
hydrochloride (0.91 g, 5 mmol), phenyldichlorophosphate (1.12 g, 0.75 ml, 5 mmol), and 
TEA (1.4 ml, 10 mmol) in DCM (40 mL), to yield 1.58 g (99%) of crude product used 
1 5 without further purification. 



31 P-NMR (CDCI3, 121 MHz): 5 9.45. 9.35. 

'H-NMR. (CDCI3; 300 MHz): 5 7.4-7.2 (5H, m, OPh), 4.90 (1H, bs, N/7), 3.95 (1H, m, 
C//CH 2 CH(CH3)2), 3.78 (3H, s, OC/£), 1.8 (1H, m, CHCH 2 C//(CH 3 ) 2 ), 1.8-1.5 (2H, m, 
CHC/6CH(CH3)2), 1.0-0.9 (6H, m, CHCH 2 CH(C// 5 ; 2 ). 
20 ,3 C-NMR (CDCI3; 75 MHz): 5 23.2, 23.1, 22.4, 22.3 (2C, CHCH 2 CH(C/Y 3 ; 2 ), 24.9, 24.8 
(CHCH 2 CH(CH 3 ) 2 ), 43.6 (CHC^HICH^), 53.2 (CH3O), 53.7, 53.6 
(C/fCH 2 C//(CH 3 )2), 120.9 (*o' OPh), 126.4 (>', OPh), 130.2 ('m', OPh), 150.1 ('ipso', 
OPh), 173.6 (COOCH3). 



10 




o 



25 

Synthesis of Phenyl-(benzoxy-L-leucinyl)-phosphorochIoridate. 
C9H23C1N04P, MW= 395.82. 
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T 



TT..S ,s synftesised according ,o prWa „ 4> usjng L . leucjne 

5 T^aT ! °' 29 8 ' 5 0 D ' m0l) ' Ph ^- di «°^a.e (!.««. 0.75 m,, 5.0 m™,), 
5 and TEA „.4< ,0.0 nnno,) in DCM (40 mL), ,„ yie.d , .88 g (95%) of crude product 

used without further purification. 

3, P-NMR (CDC1 3 , 121 MHz): 5 9.93, 9.57. 

n„Tr Cb; MHZ): 8 15 12 ° 0H - m ' 5 2 < 2H ' ™, 4.95 

OH bs, Nffl, 4.2-4, ( 1H> m , WCH 2 CH(CH 3)2 ), ,.95-,.80 (,H, m , CHCH,™).) 
10 17(2H,m,CHC^CH(CH !)2) , , 0-0.9 (6H, m , CHCH 2 CH(C//^) 

"C-NMR (CDC, 3 ; 75 MHz): 5 23.2, 23,, 22.4, 22.3 (2C, CHCH 2 CH( CTl ) 2 ), 24 9 
(CHCH 2 Ctf( OTl ) 2 ), 43.5 (CHCftCHfCH*), 53.8, 53.3 < OT CH 2OT <CH 2 ) 2) 67 67 7 

.20.7 (VOPh), , 26 .4 (K OPn), ,30.2, ,29,, ,28.8, ,28.7 (^Ph, ^ 
135.8(^0, CH 2 Ph), 150.2 (^o',OPh), 174.1 (COOCH 2 Ph). 



20 



Synthesis of p-nitrophenyl-Cbenzoxy-L-leuciByO-phosphorochloridate. 
Ci 9 H 22 ClN 2 0 6 P, MW= 440.81. 



f 

r 




O2N— ^ m — O — P — CI 



Bn 



Th,s „ syn.hesised according ,o Stanza procedure 4, using L-,e„ci„e benzy, es,er 
hydroch,oride (1.08 g, 5.0, mmol), pam-nitrophenyl-dichloro phosphate (, 362 g 5 0, 
rnrno,), and TEA (,.4 mL, ,.4 mmo,) in DCM (40 mL), ,o yre,d 2.08g (95%) of 'crude 
25 product used without further purification. 
3, P-NMR (CDC1 3 , 121 MHz): 8 9.87, 9.38. 



10 
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'H-NMR (CDC1 3 ; 300 MHz): 8 8.25-8.10 (2H, m . OP*), 7.35-7.25 (7H, m, OPh + 
CH 2 Ph), 5.15 (2H, 2s, C^Ph), 4.95 (1H, bs, N£), 4.15 (1H, m, CtfCH 2 CH(CH 3)2 ), 1.95 
(1H, m, CHCH 2 Ctf(CH 3)2 ), 1.7 (2H, m, CHC// 2 CH(CH 3)2 ), 1.0-0.9 (6H, m 
CHCH 2 CH(C/6;2). 

»C-NMR (CDC1 3 ; 75 MHz): 8 23.2, 23.1, 22.1, 22.0 (2C, CHCH 2 CH(C// 3 , 2 ), 24.8 
(CHCH 2 CH(CH 3 ) 2 ), 43.4, 43.3 (CHC^CH(CH 3 ) 2 ), 54.2, 53.9 (C//CH 2 C/f(CH 3)2 ), 68.0, 
67.9 (CH 2 Ph), 121.6 ('a' OPh), 126.2, 126.1 (<m'OPh), 129.2, 129.0 (CH^), 135.4,' 
135.3 ('ipso'. CH 2 Ph), 145.8, 145.7 {'ipso', OPh), 154.7, 154.5 OPh), 173.0, 172.8 (' 
COOCH 2 Ph). 

Synthesis of P-chlorophenyl-(benzoxy-L-leucinyl)-phosphorochloridate. 
Ci9H 22 Cl 2 N0 4 P, MW= 430.26. 



15 



INJH 



This is synthesised according to .ft«/uW /wwAw using L-leucine benzyl ester 
hydrochloride (0.644 g, 2.5 mmol), para-chlorophenyl-dichlorophosphate (0.613 g, 2.5 
mmol), and TEA (0.7 mL, 5 mmol) in DCM (20 mL), to yield 0.968 g (90%) of crude 
product used without further purification. 
20 3, P-NMR (CDCI3, 121 MHz): 8 9.71, 9.55. 

'H-NMR (CDCI3; 300 MHz): 8 7.4-7.0 (9H, m, OPh + CH 2 PA), 5.15 (2H, s, C^Ph), 4.5 
(1H, d, V=7Hz, N/D, 4.0 (1H, m, Ci/CH 2 CH(CH 3 ) 2 ), 1.9-1.8 (1H, m, CHCH.C/^CH,),), 
1 .7 (2H, m, CHC# 2 CH(CH 3 ) 2 ), 0.85 (6H, m, CHCH 2 CH(C7f^). 

I3 C-NMR (CDC1 3 ; 75 MHz): 8 23.4, 23.3, 22.5, 22.4 (2C, CHCH 2 CH(C// 3 ; 2 ), 25.0 
25 (CHCH 2 CH(CH 3 ) 2 ), 43.8, 43.7 (CHC/6CH(CH 3 ) 2 ), 54.0, 53.8 (C//CH 2 C#(CH 3 ) 2 ), 68.2 
(CH 2 Ph), 1 22.5 ( 'o ' OPh), 130.5, 130.4, 129.3, 129.2 (WOPh, CH 2 £A), 133.2 (>', OPh), 
135.7 ('ipso; CH 2 Ph), 149.9, 149.8 {'ipso', OPh), 173.4, 173.2 (COOCH 2 Ph). 
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Synthesis of 
phosphorochloridate. 
C„Hi4Cl2N0 4 P, MW=326.11 



4-chlorophenyl-( m ethyl-2-amin(>-2-methylpropanoate)- 

phosphorochloridate. 



5 




r 

O 

This is synthesised according to Standard procedure 4, using 2-aminoisobutyrate methyl 
ester hydrochloride (280.0mg, 1.82 mmol), 4-chlorophenylphosphodichloride (447.4 mg 
10 1 .82 mmol), and TEA (368.3 mg, 3.64 mmol, 507.3 uL) in DCM (20 mL), to yield 554 mg 
(yield 91.1 %) of crude product used without further purification. 
3, P-NMR (CDC1 3 , 121 MHz): 8 7.05 (s) 

'H-NMR (CDCI3; 300 MHz): 8 7.38 (2H, d, V=9.0 Hz, OPh), 7.29-7.24 (2H, 2d >J=9 0 
Hz, OPh), 4.87-4.83 (1H, 2bs, N//), 3.84 (3H, s, OC^), 1.73-1.71 (6H, 2s, [C/£] 2 Q 
15 "C-NMR (CDCI3; 75 MHz): 8 27.0, 27.3, ([CH^Q, 53.7 ( OCH 3 ), 58.9 (C[CH3] 2 ), 122 5 
CC OPh), 129.7 Cm', OPh), 131.8 C P \ OPh) 148.7, 148.9 (W, OPh), 175 5 175 7 
(COOCH3). 



20 Synthesis of 4-chlorophenyl-phosphodichloridate. 
C 6 H 4 C1 3 0 2 P, MW=245.43. 



25 




I 

CI 



This was synthesised according to Standard procedure 3, using phosphorus-oxychloride 
(1533 mg, 10.00 mmol, 932 uL), 4-chlorophenol (1.285 g, 10.00 mmol) and TEA (1.01 1 g, 
10.00 mmol, 1394 uL) in ethylether (100 mL) to give an oil (1.897 g, 77.3 % yield). 
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3, P-NMR (CDCI3, 121 MHz): 8 5.18. 

'H-NMR (CDCI3; 300 MHz): 5 7.45 (2H, d, V=9.0 Hz, OP®, 7.30 (2H, d, V=9 0 Hz 
OPh). ' 

''C-NMR(CDC, 3 ; 75 MHz): 8 ,22.5 (V, o m , ,30.6 (•„-, OPh), ,33.2 (>•, o m ,< 8 .5 
• ( ipso ', OPh). 

Synthesis of 4-(trifluoromethyl)-phenyl-phosphodichloridate. 
C7H4CIF3O3P, MW=278.98. 



F *° — C \—o—p—a 
10 \-f \ Q 



Thas was synthesised according to Standard procedure 3, using phosphorus-oxych.oride 
d-570 mg, 10.24 nunol, 954.5 pL), 4-trifluoromethylpheno. (1660 g, 10.24 mmo.) and 
15 TEA (1.036 g, 10.24 mmol, 1427 pL) in ethylether (100 mL) to give an oil (2 521 e 
88.2% yield). * • 1 & 

3, P-NMR(CDC1 3> 121 MHz): 8 4.75. 

'H-NMR (CDC3; 300 MHz): 8 7.77 (2H, d, ^8.4 Hz, 07*), 7.49 (2H, d, V=8 4 Hz 

20 "C-NMR(CDC, 3 ; 75 MHz): 8 ,21.6 (V, OPh), 123.6 (CF 3 , y=271 Hz, OP*), 128 2 ('„' 
OPh). 1 29.7 ( p ', y=33 Hz), 1 52.7 ( 'ipso ', OPh). 



Synthesis of 4-fluorophenyl-phosphodichIoridate. 
25 QH 4 C1 2 F0 2 P, MW=228.97. 



CI 
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This was synthesised according to Standard procedure 3, using phosphorus-oxychloride 
(1.395 mL, 15.00 mmol), 4-chlorophenol (1.68 g, 15.00 mmol) and TEA (2.1 mL , 15.00 
mmol) in ethylether (140 mL) to give an oil (3.96 g, 96 % yield). 
3, P-NMR (CDC1 3 , 121 MHz): 5 5.52. 

5 'H-NMR (CDCI3; 300 MHz): 5 7.15 (2H, d, V=8.0 Hz, OPh X 7.05 (2H, d, V=8 0 Hz 
OPh). 

,3 C-NMR(CDCl 3 ;75MHz):8 116. 8ro ',o m 122.1 (V^C-Ph), 146.7 (>', 0£A) 1587 
('ipso', OPh). 



10 



Experimental data are given in Table I illustrating the activity of compounds embodying 
the present invention, and of some comparaive compounds, with respect to human breast 
cancer cell line MDA MB231, human colon cancer cell line HT1 15 and human prostrate 
cancer cell line PC-3. The compounds include those whose preparations are described 
15 above and compounds made by preparative methods corresponding to the methods 
described above. 

The experimental procedures used human colon cancer cell line (HT1 15), human prostate 
cancer cell line (PC-3), human breast cancer cell line (MDA MB 231) and normal human 
20 umM.cal vein endothelial cell (HUVEC). Compounds were diluted over a range of 
concentrations and added to cells over 1 to 3 days. The cytotoxity was determined using a 
MTT assay at the end of each experiment. 



25 



In the Table: 

ArO refers to Ar as defined above with respect to formula I; 



J refers to the moiety of the present compounds represented by, respectively, 
ROCOCR'R»NH-, as defined above with respect to formula I, or, with respect to 
30 Examples 51, 52 and 53, HOCOCR'R»NH-, as defined above with respect to formula II; 
and 
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B refers to the base moiety of the present compounds as defined above with respect to 
formula I or formula II. 



BVU stands for 2-bromovinyl uridine. 

5 

5-(C=CC[0]0)MeU stands for methyl propenoate-2'-deoxyuridine. 
GemCyt stands for Gemcitabine. 
1 0 Examples A, 1 , 67 and G are comparative Examples. 
Example A is 5-(2-Bromovinyl)-2'-deoxyuridine. 
Example 1 is Example 1 above corresponding to compound (7) above. 

15 

Example 67 is propenate-2'-deoxyuridine. 
Example G is gemcitabine. 
20 Examples 5 1 , 52 and 53 are compounds embodying formula II above. 



TABLE 
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Ex 


ArO 


J 


B 


EC50/uM 


EC50/uM 


EC50/uM 










Breast 


Colon 


Prostate 










MDA 
MB231 


HT115 


PC-3 


A 






BVU 


125 


78.7 


120 


1 


PhO 


MeAJaNH 


BVU 


79 


244.5 


155 


2 


PhO 


BnAlaNH 


BVU 


34 


1.4 


19 


3 


PhO 1 


EtAlaNH 


BVU 


56 


52 


36 


4 


p-CF3PhO 


BnAlaNH 


BVU 


31 


7.4 


9.3 
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9 

To" 



12 



15 



16 

IT 



18 



19 



20 
TT 



22 
"IT 



24 

TT 



26 



28 
~29~ 
"30" 



32 
TT 



34 



35 
~36~ 



37 
"IT 



107 



p-FPhO 
p-FPhO 
p-FPhO 



p-N02PhO 



p-N02PhO 



p-N02PhO 
p-CIPhO 



P-CIPhO 
p-CIPhO 
PhO 



p-CF3PhO 



PhO 
PhO 



PhO 



p-N02PhO 



p-N02PhO 



p-N02PhO 



PFPhO 



PFPhO 
PFPhO 



MeAlaNH 
EtAlaNH 



BnAlaNH 
BnAJaNH 



BVU 
BVU 
BVU 



EtAlaNH 



BVU 
BVU 



MeAlaNH 



BVU 



EtAlaNH 



BVU 



BnAlaNH BVU 
MeAlaNH ~~ BVU" 
Bn(Me2Gly)NH | BVU 



MeAlaNH I BVU 

Me(cPntGly)NH [ BVU 



Et(cPntGly)NH BVU 
Bn(cPntGly)NH BVU" 



Me[cPntGly]NH I BVU 
Et[cPntGly)NH | BVU 



Bn[cPntGly]NH 



BVU 



Me[cPntGly]NH 



p-CF3PhO 
PhO 



PhO 



p-CF3PhO 
p-CF3PhO 
p-CF3PhO 



p-CIPhO 
P-CIPhO 



p-CIPhO 
PhO 



PhO 
PhO" 



p-N02PhO 
p-CIPhO 



Et[cPntGly]NH 



BVU 
BVU 



Bn[cPntGly]NH 



BVU 



EtAlaNH 



BVU 



Me(Me2Gly)NH I BVU 
Et(Me2GIy)NH | BVU 



Me(cPntGly)NH 
Et(cPntGly)NH 



Bn(cPntGly)NH 



BVU 
BVU 
BVU 



Me[cPntGly]NH 



Et[cPntGly]NH 



BVU 
BVU 



Bn[cPntGly]NH bW" 
MeLeuNH ~~ BVU~ 



Me[Phe]NH 



BnLeuNH 
BnLeuNH 



BVU 
BVU 



159 
"46" 
IT 



3.5 



28 



177 



105 



28.7 
6.2 
~6\ 



19 



47 



79 



44 

TT 
~5T 
TT 
TT 



57 



9.9 



9.4 
33.8 



41.1 



217.9 



28.8 
45.6 



2.6 
7T 



3.9 



18.5 
19.8 
TT~ 



118.7 
96.7 
14.9 
T4 
70.2 



14.5 
79.2 



77 



38.2 
57.3 
ITT 



59.7 
18.1 



17 



77.9 
39.7 
21.2 
15.1 



6.4 



99.3 



97.9 
TT" 

7.7 
TTT 



BVU 



58 
"42" 

16 
"9 

365 

10.4 
TX~ 

TT~ 
IT 
TT 



15 

IT 



88 
15 

TT 

51 

2.7 
3.7 
4.6 
1.5 
TTT 



4.3 



52.2 



83.2 
TT~ 
TTT 
86.9 
7.16 
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46 



47 



p-N02PhO 



p-NQ2PhO 



Et(Me2Gly)NH 



Bn(Me2Gly)NH 



BVU 



BVU 



4.5 



224 



16.7 



82.4 



27.2 



48 
~49 



p-CF3PhO 
o-CIPhO 



Bn(Me2GIy)NH 
BnAlaNH 



BVU 
BVU 



1.3 



7 

16.2 



0.61 
IT 



50 



51 



52 



53 
~54~ 



55 
~56~ 
17 



58 



59 



60 



61 



62 



63 



64 



65 



66 



69 



70 



71 



72 



73 
~74~ 



75 
TT 



78 
~80~ 



81 



82 
"84" 



Bn(Me2Gly)NH 



BVU 



5.7 



L-AlaNH 



BVU 



LeuNH 



BVU 



PhO 



PhAlaNH 
Bn[PhAla]NH 



BVU 
BVU 



PhO 
PhO 
p-N02PhO 



Me[D-Ala]NH 
Bn[D-Ala]NH 
Bn[D-AIaJNH 



BVU 

BVU" 

BVU 



P-CF3 



Me[Me2Gly]NH 



BVU 



P-CF3 



Et[Me2Gly]NH 



BVU 



p-FPhO 



Et[Me2Gly]NH 



BVU 



p-CF3PhO 



Bn[L-PhAla]NH 



BVU 



p-CF3PhO 



Bn[L-Leu]NH 



BVU 



PhO 



tBu[L-Ala]NH 



BVU 



p-N02PhO 



p-FPhO 



p-N02PhO 



PhO 



PhO 



PhO 



PhO 



Bn[L-PhAla]NH 



BVU 



Me {Me2Gly)NH 



BVU 



Me(Me2Gly)NH 



5-(C=CC[0]0 
Me)U 



MeMetNH 



MeTrpNH 



5-(C=CC[0]0 
Me)U 
BVU 
BVU 



BnMetNH 



BVU 



PhO 
PhO 



PhO 



p-Cl PhO 
p-CF 3 PhO 
PhO 



PhO 



m-ClPhO 
m-ClPhO 
p-FphO 



BnlleNH 



BVU 



EtfleNH 
MeGlyNH 



BnGlyNH 



BVU 
BVU 
BVU 



BnGlyNH 
BnValNH 
Me 2 AspNH 



Et 2 GluNH 



BnAlaNH 
BnMe 2 GIyNlT 
BnMe^GlyNH 



BVU 
BVU 
BVU 
BVU 



BVU 
BVU 
BVU 



3.9 



295.4 



438.1 



66 
392.7 
20.2 



83.6 



24.7 



86.8 



6.3 



1.9 



31.5 



16.6 



20.7 



93.7 



6.59 



6.3 



16 



6.3 



30.6 



29 



150 
158 



31 

IT 
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85 
86 

Of 


PhO 
p-ClPho 


BnValNH 
BnValNH 


BVU 
BVU 




~ 


31.2 
0.9 


87 


p-FphO 


BnValNH 


BVU 


- 


- 


1.6 


88 


PhO 


BnPhGlyNH 


BVU 






0.75 


89 


p-ClPhO 


BnPhGlyNH 








6.5 


91 
94 


p-CF 3 PhO 
PhO 


BnPhGlyNH 
1-BuAlaNH 


BVU 
BVU 


_ 




U. / 


95 


PhO 


2-BuAlaNH 


BVU 




! - 


51 
6.8 


G 






GemCvt 


z.o 


606.1 


3.12 


31 
40 


PhO 


BnAlaNH 


GemCyt 


42.6 


5.7 


0.22 




P-ClPhO 


BnAlaNH 


GemCyt 


9.2 


16.1 


15.4 


41 


P-ClPhO 


Bn[Me2Gly]NH 


GemCyt 


3.1 


317.1 


68.8 



Gemcitabine (Example G in the Table) and compound CPF31 (Example 31 in the Table- 
gemcitabme-tphenyl-^enzoxy-L-alaninylM-phosphate) were compared in a mouse model 
5 with xenografts of human cancer (colon HT1 15 and prostrate PC3). 



Mice were dosed daily at a range of concentrations 
assessed versus control. 



(0.01 -lOuM) and tumour volume 



10 Kaplan-Meier statistics were computed regarding incident-free survival. 
In the attached drawings: 

Figure 1 shows for the mouse xenograft the tumour volume for prostate data at day 13 
1 5 using Gemzar™ (gemcitabine available ex. Lilly); 

Figure 2 shows for the mouse xenograft the tumour volume for prostate data at day 13 
using CPF31; 



20 Figure 3 shows the incident free survival functions v. day for each of CPF31 and 
gemcitabine; and 
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Figure 4 shows for the mouse xenograft the tumour volume for colon data at day 24 using, 
respectively, Gemzar and compound CPF31. 

Referring to the drawings, CPF31 can be seen to be significantly less toxic than 
5 gemcitabine. 

CPF3 1 was significantly effective at reducing prostate and colon tumour volume relative to 
control at daily dosing of 5 and 10 uM (3 and 6 ug/ml). Gemcitabine was not effective at 
the highest non-toxic concentration. 



10 



Gemzar is seen from Figure 1 to be toxic above luM. In contrast, CPF31 is seen from 
Figure 2 to have substantially lower toxicity. 

Figure 3 shows that CPF31 has significantly lower side effects on a comparable basis: 3 
15 animals show serious toxicity (10% body mass loss) in GMZ and in CPF31 on day 10, 
collectively 4 in GMZ and 1 in CPF31 on day 1 1 and 5 in GMZ and 1 in CPF on day 13.' 
Using Chi square analysis by combining 5 and lOuM groups, the significance is p=0.193 
0,078 and 0.0289 on day 10, 11 and 13. It is clear that by day 13, CPF31 displayed 
signficantly less side effects, and the anti-cancer effects continue to exceed that of Gemzar. 



20 



Figure 3 shows the Kaplan-Meier survival curve, incidence free survival: based on the loss 
according to weight loss. A Cox proportion analysis shows that CPF31 is far less toxic 
than GMZ based on the weight-loss calculated loss (p=0.043). 

25 CPF31 was found to be active at 5uM in vitro, whereas Gemzar was found to be active at 
600uM, with respect to the same colon cell line. Figure 4 shows the results of testing both 
in vivo at 5uM. The greater activity of CPF31 in reducing tumour volume is shown in 
Figure 4. 



